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MONO DIAMETER WELLBORE CASING 



Cross Reference To Related Applications 
|0001] The present application claims the benefit of the filing dates of: (1) U.S. provisional patent 
application serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/2001, (2) U.S. 
provisional patent application serial no. 60/339,013, attorney docket no. 88, filed on 11/12/01 (3) U.S. 
provisional patent application serial no. 60/363,829, attorney docket no. 25791.95, filed on 3/13/2002, 
(4) U.S. provisional patent application serial no. 60/387,961, attorney docket no. 25791.108, filed on 
6/12/2002 the disclosures of which are incorporated herein by reference. 

[0002) The present application is related to the following: (I) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent no. 6,328,1 13, (5) U.S. 
patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. 
patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/USOO/18635, attorney docket no. 2579U5.02, filed on 7/9/2000, (1 1) 
U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
11/1/1999, (12)U.S. provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 2579136, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 
serial no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
prpyisional patent application serial no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, 
(19) U.S. provisional patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 
7/28/2000, (20) U.S. provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, 
filed on 9/18/2000, (21) U.S. provisional patent application serial no. 60/237^34, attorney docket no. 
25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney 
docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional patent application serial no. 60/262,434, 
attorney docket no. 25791.51, filed on 1/17/2001, (24) U.S. provisional patent application serial no. 
60/259,486, attorney docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application 
serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional patent 
application serial no. 60/313,453, attorney docket no. 25791.59, filed on 8/20/2001, (27) U.S. 
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provisional patent application serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/2001, 
(28) U.S. provisional patent application serial no. 60/318,021, attorney docket no. 25791.58, filed on 
9/7/2001, (29) U.S. provisional patent application serial no. 60/3318,386, attorney docket no. 
25791.67.02, filed on 9/10/2001, (30) U.S. provisional patent application serial no. 60/326,886, attorney 
docket no. 25791.60, filed on 10/3/2001, (31) U.S. utility patent application serial no. 09/969,922, 
attorney docket no. 25791.69, filed on 10/3/2001, (32) U.S. provisional patent application serial no. 
60/338,996, attorney docket no. 25791.87, filed on 1 1/12/2001, (33) U,S, provisional patent application 
serial no. 60/339,013. attorney docket no. 25791.88, filed on 11/12^7001, (34) U.S. utility patent 
application serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (35) U.S. 
provisional patent application serial no. 60/343,674, attorney docket no. 25791.68, filed on 12/27/2001, 
(36) U.S. provisional patent application serial no. 60/346,309, attorney docket no 25791.92, filed on 
1/7/2002, (37) U.S. provisional patent application serial no. 60/357,372, attorney docket no. 25791.71, 
filed on 2/15/2002, (38) U.S. provisional patent application serial no. 60/363,829, attorney docket no. 
25791.95, filed on 3/13/2002, (39) U.S. provisional patent application serial no. 60/372,048, attorney 
docket no. 25791.93, filed on 4/12/2002, (40) U.S. provisional patent application serial no. 60/372,632, 
attorney docket no. 25791.101, filed on 4/15/2002, (41) U.S. provisional patent application serial no. 
60/380,147, attorney docket no. 25791.104, filed on 5/6/2002, (42) U.S. provisional patent application 
serial no. 60/383,917, attorney docket no. 25791.89, filed on 5/29/2002, (43) U.S. provisional patent 
application serial no. 60/387,486, attorney docket no. 25791.107, filed on 6/10/2002, (44) U.S. 
provisional patent application serial no. 60/387,961, attorney docket no. 25791.108, filed on 6/12/2002, 
(45) U.S. provisional patent application serial no. 60/391,703, attorney docket no. 25791.90, filed on 
6/26/2002, (46) U.S. provisional patent application serial no. 60/397,284, attorney docket no. 
25791.106, filed on 7/19/2002, (47) U.S. provisional patent application serial no. 60/398,061, attorney 
docket no. 25791.110, filed on 7/24/2002, (48) U.S. provisional patent application serial no, 
60/399,240, attorney docket no. 25791.1 1 1, filed on 7/29/2002, (49) U.S. provisional patent application 
serial no, 60/405,610, attorney docket no. 25791.119, filed on 8/23/2002, (50) U.S. provisional patent 
application serial no. 60/405^94, attorney docket no. 25791.120, filed on 8/23/2002, (51) U.S. 
provisional patent application serial no. 60/407,442, attorney docket no. 25791.125, filed on 8/30/2002, 
(52) U.S. provisional patent application serial no. 60/412,542, attorney docket no. 25791.102, filed on 
9/20/2002, (53) U.S. provisional patent application serial no. 60/412,177, attorney docket no. 
25791.1 17, filed on 9/20/2002, (54) U.S. provisional patent application serial no. 60/412,653, attorney 
docket no. 25791.118, filed on 9/20/2002, (55) U.S. provisional patent application serial no. 
60/412,544, attorney docket no. 25791.121, filed on 9/20/2002, (56) U.S. provisional patent application 
serial no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, (57) U.S. provisional patent 
application serial no. 60/412,187, attorney docket no. 25791.127, filed on 9/20/2002, (58) U.S. 
provisional patent application serial no. 60/412,487, attorney docket no. 25791.127, filed on 9/20/2002, 
(58) U.S. provisional patent application serial no. 60/412,487, attorney docket no. 25791.112, filed on 

2 



wo 03/042487 PCT/US(l2/362<i7 

9/20/2002, (59) U.S. provisional patent application serial no. 60/412,488, attorney docket no. 
25791.114, filed on 9/20/2002, and (60) U.S. provisional patent application serial no. 60/412,371, 
attorney docket no. 25791.129, filed on 9/20/2002, (61) PCT Patent Application No. 

PCT/US02 , attorney docket no. 25791.87.02, filed on 11/11/02 and (62) PCT Patent 

Application No. PCT/US02 , attorney docket no. 25791.88.02, filed on 11/11/02 the 

disclosures of which are incorporated herein by reference. 

Background Of The Invention 
(00031 This invention relates generally to oil and gas exploration, and in particular to foming and 
repairing wellbore casings to facilitate oil and gas exploration. 

[00041 Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of drilling fluid into 
the formation or inflow of fluid from the formation into the borehole. The borehole is drilled in 
intervals whereby a casing which is to be installed in a lower borehole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of this procedure the 
casing of the lower interval is of smaller diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. As a consequence of this nested arrangement a relatively large borehole 
diameter is required at the upper part of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved due to required 
cement pumping, cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and removed. 
[00051 The present invention is directed to overcoming one or more of the limitations of the 
existing procedures for forming and/or repairing wellbore casings. 

Summary of the Invention 
[00101 According to one aspect of the present invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that includes a float shoe adapted to 
mate with an end of the expandable tubular member, an adjustable expansion mandrel coupled to the 
float shoe adapted to be controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably displace the adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, and a support member coupled to the locking 
device. 

[00111 According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
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positioning an adjustable expansion mandrel within the expandable tubular member, supporting the 
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension 
of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative 
to the expandable tubular member n tiroes to radially expand and plastically deform n portions of tlie 
expandable tubular member. 

[00121 According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning an adjustable expansion mandrel within a 
first expandable tubular member, supporting the first expandable tubular member and the adjustable 
expansion mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of die adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular member 
m times to radially expand and plastically deform m portions of the fust expandable tubular member 
witiiin the borehole, positioning the adjustable expansion mandrel within a second expandable tubular 
member, supporting the second expandable tubular member and the adjustable expansion mandrel 
within the borehole in overlapping relation to the first expandable tubular member, lowering the. 
adjustable expansion mandrel out of the second expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel 
upwardly relative to the second expandable tubular member n times to radially expand and plastically 
deform n portions of the second expandable tubular member within the borehole. 
[0013] According to another aspect of the present invention, an apparatus for radidly expanding 
and plastically deforming an expandable tubular member is p«)vided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, an adjustable expansion mandrel coupled to the 
float shoe adapted to be contiollably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably displace the adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actuator adapted to 
controllably engage the expandable tubular member, a support member coupled to the locking device, 
and a sealing member for sealingly engaging the expandable tubular member adapted to define a 
pressure chamber above the adjustable expansion mandrel during radial expansion of the expandable 
tubular member. 

[0014] According to another aspect of the present invention, a method for radially expanding and 
plastically defonning an expandable tubular member within a borehole is provided that includes 
positioning an adjustable expansion mandrel within the expandable tubular member, supporting the 
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension 
of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
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the expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the borehole, and pressurizing an interior region of the expandable 
tubular member above the adjustable expansion mandrel during the radial expansion and plastic 
deformation of the expandable tubular member within the borehole. 

[00151 According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning an adjustable expansion mandrel within a 
first expandable tubular member, supporting the first expandable tubular member and the adjustable 
expansion mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular member 
ni times to radially expand and plastically deform m portions of the first expandable mbular member 
within the borehole, pressurizing an interior region of the first expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic deformation of the first 
expandable tubular member within the borehole, positioning the adjustable expansion mandrel within a 
second expandable tubular member, supporting the second expandable hibular member and the 
adjustable expansion mandrel within the borehole in overlapping relation to the fust expandable tubular 
member, lowering the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the second expandable tubular member n times to radially 
expand and plastically deform n portions of the second expandable tubular member within the borehole, 
and pressurizing an interior region of the second expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic defonnation of the second expandable 
tubular member within the borehole. 

[00161 According to another aspect of the present invention, an apparatus for drilling a borehole 
within a subterranean formation and then radially expanding and plastically defoming an expandable 
tubular member within the drilled borehole is provided that includes a float shoe adapted to mate with 
an end of the expandable tubular member, a drilling member coupled to the float shoe adapted to drill 
the borehole, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, and a support monber coupled to the locking device. 

[0017] According to another aspect of the present invention, a method for drilling a borehole 
within a subterranean fomiation and then radially expanding and plastically deforming an expandable 
tubular member within the drilled borehole is provided that include positioning an adjustable expansion 
mandrel within the expandable mbular member, coupling a drilling member to an end of the expandable 
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tubular member, drilling the borehole using the drilling member, positioning the adjustable expansion 
mandrel and the expandable tubular member within the drilled borehole, lowering the adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member n times to radially expand and plastically deform n portions of Uie 
expandable tubular member within the drilled borehole. 

100181 According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing within a borehole is provided that includes positioning an adjustable 
expansion mandrel within a first expandable tubular member, coupling a drilling member to an end of 
the first expandable tubular member, drilling a first section of the borehole using die drilling member, 
supporting the first expandable tubular member and the adjustable expansion mandrel within the drilled 
first section of the borehole, lowering the adjustable expansion mandrel out of the first expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to 
radially expand and plastically deform m portions of the first expandable tubular member within the 
drilled first section of the borehole, positioning the adjustable expansion mandrel within a second 
expandable tubular member, coupling the drilling member to an end of the second expandable tubular 
member, drilling a second section of the borehole using the drilling member, supporting the second 
expandable tubular member and the adjustable expansion mandrel within die borehole in overlapping 
relation to the first expandable tubular member within the second drilled section of the borehole, 
lowering the adjustable expansion mandrel out of the second expandable tubular member, increasing • 
the outside dimension of the adjustable expansion mandrel, and displacing the adjustable expansion 
mandrel upwardly relative to the second expandable tubular member n times to radially expand and 
plastically deform n portions of the second expandable tubular member within the drilled second 
section of the borehole. 

10019] According to another aspect of the present invention, an apparatus for drilling a borehole 
wiAin a subterranean formation and then radially expanding and plastically deforming an expandable 
tubular member vwthin the drilled borehole is provided that includes a float shoe adapted to mate with 
an end of the expandable tubular member, a drilling member coupled to the float shoe adapted to drill 
the borehole, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, a support member coupled to the locking device, and a sealing member for sealing engaging 
the expandable tubular member adapted to define a pressure chamber above the adjustable expansion 
mandrel during the radial expansion of the expandable tubular member. 
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[0020] According to another aspect of the present invention, a method for drilling a borehole 
within a subterranean formation and then radially expanding and plastically deforming an expandable 
tubular member within the drilled borehole is provided that includes positioning an adjustable 
expansion mandrel within the expandable tubular member, coupling a drilling member to an end of the 
expandable tubular member, drilling the borehole using the drilling member, positioning the adjustable 
expansion mandrel and the expandable tubular member within the drilled borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension 
of the adjustable expansion mandrel, displacing tlie adjustable expansion mandrel upwardly relative to 
the expandable mbular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the drilled borehole, and pressuring an interior portion of the 
expandable tubular member above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the expandable tubular member within the drilled borehole. 
10021] According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing within a borehole is provided that includes positioning an adjustable 
expansion mandrel within a first expandable tubular member, coupling a drilling member to an end of 
the first expandable tubular member, drilling a first section of the borehole using the drilling member, 
supporting the first expandable tubular member and the adjustable expansion mandrel within the drilled 
first section of the borehole, lowering the adjustable expansion mandrel out of the first expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to 
radially expand and plastically deform m portions of the first expandable tubular member within the 
drilled first section of the borehole, pressuring an interior portion of the first expandable tubular 
member above the adjustable expansion mandrel during the radial expansion and plastic-defonnation of 
the first expandable tubular member within the first drilled section of the borehole, positioning the 
adjustable expansion mandrel within a second expandable tubular member, coupling the drilling 
member to an end of the second expandable tubular member, drilling a second section of the borehole 
using the drilling member, supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first expandable tubular member 
within the second drilled section of the borehole, lowering the adjustable expansion mandrel out of the 
second expandable tubular member, increasing the outside dimension of the adjustable expansion 
mandrel, displacing the adjustable expansion mandrel upwanlly relative to the second expandable 
tubular member n times to radially expand and plastically deform n portions of the second expandable 
tubular member within the drilled second section of the borehole, and pressuring an imerior portion of 
the second expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic defonnation of the second expandable tubular member within the drilled second 
section of the borehole. 
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[00221 According to another aspect of the present invention, an apparatus for radially expanding 
and plastically defonning an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to 
the float shoe adapted to be controllably expanded to a first larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a first smaller outside dimension, a second 
adjustable expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a second smaller outside dimension, an acUiator coupled to the first and 
second adjustable expansion mandrels adapted to confrollably displace the first and second adjustable 
expansion mandrels relative to the expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable ttibular member, and a support member coupled to the 
locking device. The first larger outside dimension of the first adjustable expansion mandrel is larger 
than the second larger outside dimension of the second adjustable expansion mandrel. 
(00231 According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
positioning first and second adjustable expansion mandrels within the expandable ttibular member, 
supporting the expandable tabular member and the first and second adjustable expansion mandrels 
within the borehole, lowering the first adjustable expansion mandrel out of the expandable tubuhu- 
member, increasing the outside dimension of the fust adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable ttibular member to radially expand 
and plastically deform a lower portion of the expandable tubular member, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, and displacing the 
second adjustable expansion mandrel upwardly relative to the expandable ttibular member to radially 
expand and plastically deform portions of the expandable tubular member above the lower portion of 
the expandable ttibular member. The outside dimension of the fust adjustable expansion mandrel is 
greater Aan the outside dimension of the second adjustable expansion mandrel. 
[00241 According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning first and second adjustable expansion 
mandrels within a first expandable tubular member, supporting the first expandable ttibular member and 
the first and second adjustable expansion mandrels within a borehole, lowering the first adjustable 
expansion mandrel out of the first expandable ttibular member, increasing the outside dimension of the 
fifst adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative 
to the first expandable ttibular member to radially expand and plastically deform a lower portion of the 
first expandable tubular member, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the first expandable ttibular member, decreasing 
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the outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of 
the second adjustable expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the first expandable tubular member to radially expand and plastically deform portions of the 
first expandable tubular member above die lower portion of the expandable tubular member, 
positioning first and second adjustable expansion mandrels within a second expandable tubular 
member, supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels witiiin the borehole in overlapping relation to the first expandable tubular member, lowering 
the first adjustable expansion mandrel out of the second expandable tubular member, increasing the 
outside dimension of the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel upwardly relative to the second expandable tubular member to radially expand and plastically 
deform a lower portion of die second expandable tubular member, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the second 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing die outside dimension of the second adjustable expansion mandrel, and displacing the 
second adjustable expansion mandrel upwardly relative to the second expandable tubular member to 
radially expand and plastically deform portions of the second expandable tubular member above the 
lower portion of die second expandable tubular member. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
100251 According to another aspect of flie present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to 
the float shoe adapted to be contiollably expanded to a first larger outside dimension for radial 
expansion of the expandable tabular member or collapsed to a first smaller outside dimension, a second 
adjustable expansion mandrel coupled to die first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of die expandable 
tubular member or collapsed to a second smaller outside dimension, an actuator coupled to die first and 
second adjustable expansion mandrels adapted to controllably displace die first and second adjustable 
expansion mandrels relative to die expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable tubular member, a support member coupled to the 
locking device, and a sealing member for sealingly engaging die expandable tubular adapted to define a 
pressure chamber above die first and second adjustable expansion mandrels during the radial expansion 
of the expandable tubular member. The first larger outside dimension of the first adjustable expansion 
mandrel is larger than the second larger outside dimension of die second adjustable expansion mandrel. 
[0026J According to anodier aspect of the present invention, a metiiod for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
positioning first and second adjustable expansion mandrels widiin the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable expansion mandrels 
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within the borehole, lowering the first adjustable expansion mandrel out of the expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand 
and plastically deform a lower portion of the expandable tubular member, pressurizing an interior 
region of the expandable tubular member above the fust adjustable expansion mandrel during the radial 
expansion of the lower portion of the expandable tubular member by the first adjustable expansion 
mandrel, displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the expandable tubular member, decreasing die outside dimension of the first 
adjustable expansion mandrel and increasing the outside dimension of the second adjustable expansion 
mandrel, displacing the second adjustable expansion mandrel upwardly relative to the expandable 
tubular member to radially expand and plastically deform portions of die expandable tubular member 
above the lower portion of the expandable tubular member, and pressurizing an interior region of the 
expandable tubular member above the second adjustable expansion mandrel during the radial expansion 
of the portions of the expandable tubular member above the lower portion of the expandable tubular 
member by the second adjustable expansion mandrel. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
10027) According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning first and second adjustable expansion 
mandrels within a first expandable tubular member, supporting d»e first expandable tubular member and 
the first and second adjustable expansion mandrels within a borehole, lowering the first adjustable 
expansion mandrel out of the first expandable tubular member, increasing tiie outside dimension of the 
first adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative 
to the first expandable tubular member to radially expand and plastically deform a lower portion of the 
first expandable tubular member, pressurizing an interior region of the first expandable tubular member 
above the first adjustable expansion mandrel during the radial expansion of the lower portion of the first 
expandable tubular member by the first adjustable expansion mandrel, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the first 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
expand and plastically deform portions of the fiist expandable tubular member above the lower portion 
of the expandable tubular member, pressurizing an interior region of the first expandable tubular 
member above the second adjustable expansion mandrel during the radial expansion of die portions of 
the first expandable tubular member above the lower portion of the first expandable tubular member by 
the second adjustable expansion mandrel, positioning finrt and second adjustable expansion mandrels 
within a second expandable tubular member, supporting the first expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole in overiapping relation to the first 
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expandable tubular member, lowering the first adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel upwardly relative to the second expandable tubular 
member to radially expand and plastically deform a lower portion of the second expandable tubular 
member, pressurizing an interior region of the second expandable tubular member above the first 
adjustable expansion mandrel during the radial expansion of the lower portion of the second expandable 
tubular member by the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel and the second adjustable expansion mandrel downwardly relative to the second expandable 
tubular member, decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the second expandable tubular member to radially 
expand and plastically deform portions of the second expandable tubular member above the lower 
portion of the second expandable tubular member, and pressurizing an interior region of the second 
expandable tubular member above the second adjustable expansion mandrel during the radial expansion 
of the portions of the second expandable tubular member above the lower portion of the second 
expandable tubular member by the second adjustable expansion mandrel. The outside dimension of the 
first adjustable expansion mandrel is greater than the outside dimension of the second adjustable 
expansion mandrel. 

[00281 According to another aspect of the present invention, an apparatus for radially expanding 
and plastically defomiing an expandable tubular member is provided that includes a support member, a 
locking device coupled to the support member and releasably coupled to the expandable tubular 
member, an adjustable expansion mandrel adapted to be controllably expanded to a larger outside 
dimension for radial expansion and plastic deformation of the expandable tubular member or collapsed 
to a smaller outside dimension; and an actuator coupled to the locking member and the adjustable 
expansion mandrel adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically deform the expandable tubular member. 
[00291 According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
supporting tlie expandable tubular member, an hydraulic actuator, and an adjustable expansion mandrel 
within the borehole, increasing the size of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform a portion of the expandable tubular member. 
[0030] According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing vnthin a borehole that includes a preexisting wellbore casing is provided that 
includes supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 
mandrel within the borehole, increasing the size of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member using the hydraulic 
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actuator to radially expand and plastically deform a portion of the expandable tubular member, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically deform the remaining portion of the expandable tubular member and a 
portion of the preexisting wellbore casing that overlaps with an end of the remaining portion of the 
expandable tubular member. 

Brief Description of the Drawings 
10031) Fig. 1 is a fragmentary cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding and plastically deforming a tubular member within a preexisting 
structure. 

[0032] Fig. 2 is a fragmentary cross-sectional illustration of apparatus of Fig. 1 after displacing the 
adjustable expansion mandrel and the float shoe downwardly out of tlie end of the expandable tubular 
member. 

(00331 Fig. 3 is a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after expanding 
the adjustable expansion mandrel. 

[00341 Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after displacing 
the adjustable expansion mandrel upwardly to radially expand and plastically deform the expandable 
tubular member. 

[00351 Fig. 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after displacing 
the actuator, locking device, and tubular support member upwardly relative to the adjustable expansion 
mandrel and the expandable tubular member. 

[0036] Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after displacing 
the adjustable expansion mandrel upwardly to radially expand and plastically deform the expandable 
tubular member. 

[0037] Fig. 6a is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 that include 
one or more cup seals positioned above the adjustable expansion mandrel for defining an annular 
pressure chamber above the adjustable expansion mandrel. 

[00381 Fig. 7 is a ftagmentary cross-sectional illustration of the placement of an embodiment of an 
apparatus for drilling a borehole and radially expanding and plastically deforming a tubular member 
within the drilled borehole. 

[00391 P«g- 8 is a ftagmentary cross-sectional illustration of the apparatus of Fig. 7 after pivoting 
the drilling elements of the drilling member radially inwardly. 

[0040] Fig. 9 is a fragmentary cross-sectional illustration of apparatus of Fig. 8 after displacing the 
adjustable expansion mandrel and drilling member downwardly out of die end of the expandable 
tubular member. 

(00411 Fig. 10 is a fragmentary cross-sectional illustration of the apparatus of Fig. 9 after 
expanding the adjustable expansion mandrel. 
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(0042) Fig. 1 1 is a fragmentary cross-sectional illustration of the apparatus of Fig. 10 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically deform the 
expandable tubular member. 

10043] Fig- 1 2 is a fragmentaiy cross-sectional illustration of the apparatus of Fig. 1 1 after 
displacing the actuator, locking device, and tubular support member upwardly relative to the adjustable 
expansion mandrel and the expandable tubular member. 

10044] Fig. 13 is a fragmentary cross-sectional illustration of the apparatus of Fig. 12 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically deform the 
expandable tubular member. 

[0045] Fig. 14 is a fragmentary cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding and plastically deforming a tubular member within a preexisting 
structure. 

[00461 Fig. 15 is a fragmentary cross-sectional illustration of the apparatus of Fig. 14 after 
displacing the lower adjustable expansion mandrel and float shoe downwardly out of the end of the 
expandable tubular member. 

[0047] Fig. 1 6 is a ftagmentary cross-sectional illustration of the apparatus of Fig. 1 5 after 
expanding the lower adjustable expansion mandrel. 

[0048] Fig. 17 is a fragmentary cross-sectional illustration of the apparatus of Fig. 16 after 
displacing the lower adjustable expansion mandrel upwardly to radially expand and plastically deform 
the expandable tubular member. 

[0049] Fig. 18 is a fragmentary cross-sectional illustration of the apparatus of Fig. 17 after 
displacing the upper and lower adjustable expansion mandrels downwardly relative to the expandable 
tubular member. 

10050] Fig. 19 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 8 after 
collapsing the lower adjustable expansion mandrel and expanding the upper adjustable expansion 
mandrel. 

10051] Fig. 20 is a fragmentary cross-sectional illustration of the apparatus of Fig. 19 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically deform 
the expandable tubular member. 

[0052] Fig. 21 is a fragmentary cross-sectional illustration of the apparatus of Fig. 20 after 
displacing the tubular support member, the locking device, and the actuator upwardly relative to the 
upper adjustable expansion mandrel and the expandable tubular member. 
[0053] Fig. 22 is a fragmentary cross-sectional illustration of the apparatus of Fig. 21 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically deform 
the expandable tubular member. 

[0054] Fig. 23 is a fragmentary cross-sectional illustration of a mono diameter wellbore casing 
formed using one or more of the apparatus of Figs. 1-22. 
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(005S1 Figs. 24a-.24k are fragmentary cross sectional illustrations of the placement of an 
exemplary embodiment of an apparatus for radially expanding and plastically deforming a tubular 
member within a wellbore that traverses a subterranean formation. 

(0056] Fig. 25a-25f are fragmentary cross sectional and perspective illustrations of the expansion 
cone assembly of the apparatus of Figs. 24a-24k. 

[00571 Fig. 25g is a perspective illustration of a float shoe locking dog. 

10058] Fig. 25h is a fragmentary cross sectional illustration of the design and operation of the 

casing gripper locking dogs. 

10059] Figs. 26a-26k are fragmentary cross sectional illustrations of the apparatus of Figs. 24a-24k 
after expanding the expansion cone assembly. 

[0060] Figs. 27a-27b are a fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 26a-26k. 

[0061] Figs. 28a-28j are fragmentary cross sectional illustrations of the apparatus of Figs. 26a-26k 
during the upward displacement of the expansion cone assembly by the actuators to radially expand and 
plastically deform a portion of the casing. 

10062] Figs. 29a-29m are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28j 
after the collapse of the expansion cone assembly. 

(00631 Fig. 3 Oa-30c are fragmentary cross sectional illustrations of the process for collapsing the 
expansion cone assembly of the apparatus of Figs. 29a-29m. 

[0064] Figs. 3 la-31n are fragmentary cross sectional illustrations of the apparatus of Figs. 29a- 
29m after the plastic deformation and radial expansion of the sealing sleeve and the disengagement of 
the casing from the locking dogs of the casing lock assembly. 

10065] Figs. 32a-32k are fragmentary cross sectional illustrations of the apparatus of Figs. 31 a-3 In 
after setting down the apparatus onto the bottom of the wellbore to open the bypass valve in the shoe 
and expand the expansion cone assembly. 

10066] Figs. 33a-33p are fragmentary cross sectional illustrations of the apparatus of Figs. 32a-32k 
during the radial expansion and plastic deformation of the casing. 

[0067] Figs. 34a-341 are fra^entaiy cross sectional illustrations of the apparatus of Figs. 33a-33p 
during the radial expansion and plastic deformation of a portion of the casing that overiaps within a 
preexisting wellbore casing within the wellbore. 

[0068] Figs. 35a-351 are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28j 
during the emergency collapse of the expansion cone assembly. 

[00691 Figs. 36a-36b are fragmentary cross sectional illustrations of several exemplary 
embodiments of the operation of the pressure balance piston. 

Detailed Description of the Illustrative Embodiments 
[0070] Referring to Fig. 1 , an exempfary embodiment of an apparatus 1 0 for radially expanding 
and plastically deforming a tubular member 12 includes a tubular support member 14 that extends into 
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the tubular member that is coupled to an end of a locking device 16 for controllably engaging the 
tubular member. Another end of the locking device 16 is coupled to a tubular support member 1 8 that 
is coupled to an end of an actuator 20. Another end of the actuator 20 is coupled to a tubular support 
member 22 that is coupled to an end of an adjustable expansion mandrel 24 for radially expanding and 
plastically deforming the tubular member 12. Another end of the adjustable expansion mandrel 24 is 

coupled to a tubular support member 26 that is coupled to an end of a float shoe 28 that mates with and 
is at least partially received within a lower end of the tubular member 12. In an exemplary 
embodiment, the locking device 16, the tubular support member 1 8. tiie actuator 20, the tubular support 
member 22, the adjustable expansion mandrel 24, and the tubular support member 26 are positioned 
within the tubular member 12. 

[0071] In an exemplary embodiment, the tubular member 1 2 includes one or more solid and/or 
slotted tubular members, and one or more of the solid and/or slotted mbular members include resilient 
sealing members coupled to the exterior surfaces of the solid and/or slotted tubular members for 
engaging the wellbore 30 and/or one or more preexisting wellbore casings coupled to the wellbore. In 
an exemplary embodiment, the tubular support members, 14, 18, 22, and 26 define corresponding 
passages, that may or may not be valveable, for conveying fluidic materials into and/or through the 
apparatus 10. 

[0072] In an exemplary embodiment, the locking device 16 includes one or more conventional 
controllable locking devices such as, for example, slips and/or dogs for controllably engaging the 
tubular member 12. In an exemplary embodiment, the locking device 16 is controlled by injecting 
fluidic materials into the locking device. 

[00731 In an exemplary embodiment, the actuator 20 is a conventional actuator that is adapted to 
displaced the adjustable expansion mandrel 24 and float shoe 28 upwardly or downwardly relative to 
the actuator. 

[00741 In an exemplary embodiment, the adjustable expansion mandrel 24 is a conventional 
adjustable expansion mandrel that may be expanded to a larger outside dimension or collapsed to a 
smaller outside dimension and Includes external surfaces for engaging the tubular member 12 to 
thereby radially expand and plastically deform the tubular member when the adjustable expansion 
mandrel is expanded to die larger outside dimension. In an alternative embodiment, the adjustable 
expansion mandrel 24 may include a rotary adjusuble expansion device such as, for example, the 
commercially available rotary expansion devices of Weatherford International, Inc. In several 
alternative embodiments, the cross sectional profde of the adjustable expansion mandrel 24 for radial 
expansion operations may, for example, be an n-sided shape, where n may vary from 2 to infinity, and 
the side shapes may include straight line segments, arcuate segments, parabolic segments, and/or 
hyperbolic segments. In several alternative embodiments, the cross sectional profile of the adjustable 
expansion mandrel 24 may, for example, be circular, oval, elliptical, and/or multifaceted. 
10075] In an exemplary embodiment, the float shoe 28 is a conventional float shoe. 

15 



wo 03/(M2487 PCT/US02/36267 

(00761 In an exemplary embodiment, the apparatus 1 0 is positioned within a preexisting structure 
30 such as, for example, a wellbore that traverses a subterranean formation 32. The wellbore 30 may 
have any orientation from vertical to horizontal. In several exemplary embodiments, the wellbore 30 
may include one or more preexisting solid and/or slotted and/or perforated wellbore casings that may or 
may not overlap with one another within the wellbore. 

[0077] As illustrated in Fig. 2, the adjustable expansion mandrel 24 and the float shoe 28 are tlien 
displaced downwardly out of the tubular member 12 by the actuator 20. During the downward 
displacement of the adjustable expansion mandrel 24 and the float shoe 28 out of the tubular member 
12, the tubular member is maintained in a stationary position relative to the tubular support member 14 
by the locking device 16. 

[0078] As illustrated in Fig. 3, the adjustable expansion mandrel 24 is then expanded to the larger 
dimension. In several alternative embodiments, the adjustable expansion mandrel 24 may be expanded 
to the larger dimisnsion by, for example, injecting a fluidic material into the adjustable expansion 
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the 
adjustable expansion mandrel 24 to the larger dimension, expansion surfaces 24a are defined on the 
adjustable expansion mandrel that may include, for example, conical, spherical, elliptical, and/or 
hyperbolic surfaces for radially expanding and plastically deforming the tubular member 12. In an 
exemplary embodiment, the expansion surfaces 24a also include means for lubricating the interface 
between the expansion surfaces and the tubular member 12 during the radial expansion and plastic 
defonnation of the tubular member. 

10079] As illustrated in Fig. 4, the adjustable expansion mandrel 24 is then displaced upwardly by 
the actuator 20 to thereby radially expand and plastically deform a portion of the tubular member 12. In 
an exemplary embodiment, during the upward displacement of tlie adjustable expansion mandrel 24, the 
tubular member 12 is maintained in a stationary position relative to tlie tubular support member 14 by 
the locking device 16. In an exemplary embodiment, tiie tubular member 12 is radially expanded and 
plastically deformed into engagement with the wellbore 30 and/or one or more preexisting wellbore 
casings coupled to the wellbore 30. In an exemplary embodiment, the interface between the expansion 
surfaces 24a of the adjustable expansion mandrel 24 and the tubular member 12 is not fluid tight in 
order to facilitate the lubrication of the interface between the expansion surface of the adjustable 
expansion mandrel and the tubular member. 

[0080] As illustrated in Fig. 5, the locking device 1 6 is then disengaged from the tubular member 
12, and the tubular member 12 is supported by the adjustable expansion mandrel 24. The tubular 
support member 14, the locking device 16, the tubular support member 18, and the actuator 20 are then 
displaced upwardly relative to the adjustable expansion mandrel 24. 

10081J As illustrated in Fig. 6, the locking device 1 6 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
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adjustable expansion mandrel 24 is displaced upwardly relative by the actuator 20 to radially expand 
and plastically deform another portion of the tubular member. 

[0082] In an exemplary embodiment, the operations of Figs. 5 and 6 are then repeated until the 
entire length of the tubular member 12 is radially expanded and plastically deformed by the adjustable 
expansion mandrel 24. In several alternative embodiments, the adjustable expansion mandrel 24 may 
be collapsed to the smaller dimension prior to the further, or complete, radial expansion and plastic 
deformation of the tubular member 12. 

100831 In several alternative embodiments, as illustrated in Fig. 6a, the apparatus 10 furtlier 
includes one or more cup seals 34 that are coupled to the tubular support member 22 and engage the 
tubular member 12 to define an annular chamber 36 above the adjustable expansion cone 24, and fluidic 
materials 38 are injected into the tubular member 1 2 through passages defined within the tubular 
support member 14, the locking device 16, the tubular support member 18, the actuator 20, the tubular 
support member 22, the adjustable expansion mandrel 24, the tubular support member 26, and die float 
shoe 28 to tiiereby pressurize the annular chamber 36. In this manner, the resulting pressure differential 
created across the cup seals 34 causes the cup seals to pull die adjustable expansion mandrel 24 
upwardly to radially expand and plastically deform the tubular member 12. In several alternative 
embodiments, the injection of the fluidic material 38 into the tubular member 12 is provided in 
combination with, or in the alternative to, the upward displacement of the expansion mandrel 24 by the 
actuator 20. In several alternative embodiments, during the injection of die fluidic material 38, the 
locking device 16 is disengaged from the tubular member 12. 

10084) Referring to Fig. 7, an alternative embodiment of an apparatus 100 for radially expanding 
and plastically deforming die tubular member 12 is substantially identical in design and operation to die 
apparatus 10 with the addition of one or more conventional drilling members 40a-40b that are pivotally 
coupled to the float shoe 28. During operation of the apparatus 100, the drilling members 40a-40b may 
be operated to extend die length and/or diameter of the wellbore 30, for example, by rotating the 
apparatus and/or by injecting fluidic materials into the apparatus to operate die drilling members. 
[00851 As illustrated in Fig. 7, in an exemplary embodiment, die apparatus 100 is initially 
positioned within the preexisting structure 30. 

10086] As illustrated in Fig. 8, in an exemplary embodiment, die drilling members 40a-40b may 
tiien be pivoted inwardly in a conventional manner. 

100871 As illustrated in Fig. 9 the adjustable expansion mandrel 24, the float shoe 28. and die 
drilling members 40a-40b are tiien displaced downwardly out of die tubular member 12 by the actuator 
20. During the downward displacement of the adjustable expansion mandrel 24, die float shoe 28. and 
the drilling members 40a-40b out of the tubular member 12, die tubular member is maintained in a 
stationary position relative to die tubular support member 14 by the locking device 1 6. 
[0088] As illustrated in Fig. 10, the adjustable expansion mandrel 24 is Aen expanded to the larger 
dimension. In several alternative embodiments, the adjustable expansion mandrel 24 may be expanded 
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to the larger dimension by, for example, injecting a fluidic material into the adjustable expansion 
mandrel and/or by impacting the drilling members 40a-40b on the bottom of the wellbore 30. After 
expanding the adjustable expansion mandrel 24 to the larger dimension, expansion surfaces 24a are 
defined on the adjustable expansion mandrel that may include, for example, conical, spherical, 
elliptical, and/or hyperbolic surfaces for radially expanding and plastically deforming the tubular 
member 12. In an exemplary embodiment, the expansion surfaces 24a also include means for 
lubricating the interface between the expansion surfaces and the tubular member 12 during the radial 
expansion and plastic deformation of the tubular member. 

[0089] As illustrated in Fig. 1 1, the adjustable expansion mandrel 24 is Uien displaced upwardly by 
the actuator 20 to thereby radially expand and plastically deform a portion of the tubular member 12. In 
an exemplary embodiment, during the upward displacement of die adjustable expansion mandrel 24, the 
tubular member 12 is maintained in a stationary position relative to die tubular support member 14 by 
the locking device 16. In an exemplary embodiment, the tubular member 12 is radially expanded and 
plastically deformed into engagement witii the wellbore 30 and/or one or more preexisting wellbore 
casings coupled to the wellbore 30. In an exemplary embodiment, the interface between Hie expansion 
surfaces 24a of the adjustable expansion mandrel 24 and the tubular member 12 is not fluid tight in 
order to facilitate the lubrication of the interface between the expansion surface of the adjustable 
expansion mandrel and the tubular member. 

(0090] As illustrated in Fig. 12, the locking device 16 is then disengaged from the tubular member 
12, and the tubular member 12 is supported by the adjustable expansion mandrel 24. The tubular 
support member 14, the locking device 16, the tubular support member 18, and the actuator 20 are then 
displaced upwardly relative to the adjustable expansion mandrel 24. 

[0091] As illustrated in Fig. 1 3, die locking device 16 then engages die tubular member 1 2 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
adjustable expansron mandrel 24 is displaced upwardly relative by d»e actuator 20 to radially expand 
and plastically deform another portion of the tubular member. 

[00921 In an exemplary embodiment, the operations of Figs. 12 and 13 are then repeated until die 
entire length of the tubular member 12 is radially expanded and plastically defoimed by the adjustable 
expansion mandrel 24. In several alternative embodiments, die adjustable expansion mandrel 24 may 
be collapsed to die smaller dimension prior to the further, or complete, radial expansion and plastic 
deformation of the tubular member 12. 

[0093J Refeiring to Fig. 14, an alternative embodiment of an apparatas 200 for radially expanding 
and plastically deforming the tubular member 12 is substantially identical in design and operation to the 
apparatus 10 except diat die adjustable expansion mandrel 24 has been replaced by an upper adjustable 
expansion mandrel 202 d»at is coupled to the tubular support member 22, a tubular support member 204 
that is coupled to the upper adjustable expansion mandrel, and a lower adjustable expansion mandrel 
206 that is coupled to the tubular support member 204 and the tubular support member 26. 
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10094] The upper and lower adjustable expansion mandrels, 202 and 206, may be conventional 
adjustable expansion mandrels that may be expanded to larger outside dimensions or collapsed to 
smaller outside dimensions and include external surfeces for engaging the tubular member 12 to 
thereby radially expand and plastically deform the tubular member when the adjustable expansion 
mandrels are expanded to the larger outside dimensions. In an alternative embodiment, the upper 
and/or lower adjustable expansion mandrels, 202 and 206, may include rotary adjustable expansion 
devices such as, for example, the commercially available rotary expansion devices of Weatherford 
International, Inc. In an exemplary embodiment, the tubular support member 204 defines a passage, 
that may, or may not, be valveable, for conveying fluidic materials into and/or through the apparatus 
200. In several alternative embodiments, the cross sectional profiles of the adjustable expansion 
mandrels, 202 and 206, for radial expansion operations may, for example, be n-sided shapes, where n 
may vary from 2 to infinity, and the side shapes may include straight line segments, arcuate segments, 
parabolic segments, and/or hyperbolic segments. In several alternative embodiments, the cross 
sectional profiles of the adjustable expansion mandrels, 202 and 206, may, for example, be circular, 
oval, elliptical, and/or multifaceted. 

[0095] As illustrated in Fig. 1 4, in an exemplary embodiment, the apparaUis 200 is initially 
positioned within the preexisting structure 30. 

(0096J As illustrated in Fig. 1 5, the lower adjustable expansion mandrel 206 and the float shoe 28 
are then displaced downwardly out of the tubular member 12 by the actuator 20. During the downward 
displacement of the lower adjustable expansion mandrel 206 and the float shoe 28 out of the tubular 
member 12, the tubular member is maintained in a stationary position relative to the tubular support 
member 14 by the locking device 16. 

(00971 As illustrated in Fig. 1 6, the lower adjustable expansion mandrel 206 is then expanded to 
the larger dimension. In several alternative embodiments, the lower adjustable expansion mandrel 206 
may be expanded to the larger dimension by; for example, injecting a fluidic material into the lower 
adjustable expansion mandrel and/or by impacting tiie float shoe 28 on the bottom of the wellbore 30. 
After expanding the lower adjustable expansion mandrel 206 to the larger dimension, expansion 
surfeces 206a are defined on the lower adjustable expansion mandrel that may include, for example, 
conical, spherical, elliptical, and/or hyperbolic surfaces for radially expanding and plastically 
deforming the tubular member 12. In an exemplaiy embodiment, the expansion surfaces 206a also 
include means for lubricating the interface between the expansion surfaces and the tubular member 12 
during the radial expansion and plastic deformation of the tubular member. 
[0098] As illustrated in Fig. 17, the lower adjustable expansion mandrel 206 is then displaced 
upwardly by the actuator 20 to thereby radially expand and plastically deform a portion 12a of the 
tubular member 12. In an exemplary embodiment, during the upward displacement of the lower 
adjustable expansion mandrel 206, the tubular member 12 is maintained in a stationary position relative 
to the tubular support member 14 by the locking device 1 6. In an exemplary embodiment, the tubular 
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member 12 is radially expanded and plastically deformed into engagement with the wellbore 30 and/or 
one or more preexisting wellbore casings coupled to Ae wellbore 30. In an exemplary embodiment, the 
interface between the expansion surfaces 206a of the lower adjustable expansion mandrel 206 and the 
tubular member 12 is not fluid tight in order to facilitate the lubrication of the interface between the 
expansion surface of the lower adjustable expansion mandrel and tlie tubular member. In an exemplao' 
embodiment, the expansion surfaces 206a also include means for lubricating the interface between the 
expansion surfaces and the tubular member 12 during the radial expansion and plastic deformation of 
the tubular member. 

[00991 As illustrated in Fig. 18, the upper and lower adjustable expansion mandrels, 202 and 206, 
and the float shoe 28 are then displaced downwardly by the acmator 20. During the downward 
displacement of the upper and lower adjustable expansion mandrels, 202 and 206, and the float shoe 28, 
the tubular member is maintained in a stationary position relative to the tubular support member 14 by 
the locking devicie 16. 

[01001 As illustrated in Fig. 19, the upper adjustable expansion mandrel 202 is then expanded to 
the larger dimension and the lower adjustable expansion mandrel 206 is collapsed to the smaller 
dimension. In an exemplary embodiment, the larger dimension of the upper adjustable expansion 
mandrel 202 is less dian the larger dimension of the lower adjustable expansion mandrel 206. In 
• several alternative embodiments, the upper adjustable expansion mandrel 202 may be expanded to the 
larger dimension and the lower adjustable expansion mandrel 206 may be collapsed to the smaller 
dimension by, for example, injecting fluidic material into the upper and/or adjustable expansion 
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the 
upper adjustable expansion mandrel 202 to the larger dimension, expansion surfeces 202a are defined 
on the upper adjustable expansion mandrel that may include, for example, conical, spherical, elliptical, 
and/or hyperbolic surfaces for radially expanding and plastically deforming the tubular member 12. In 
an exemplary embodiment, the expansion surfaces 202a also include means for lubricating the interface 
between the expansion surfaces and the tubular member 12 during the radial expansion and plastic 
deformation of the tubular member. 

[OlOl] As illustrated in Fig. 20, the upper adjustable expansion mandrel 202 is then displaced 
upwardly by the acmator 20 to thereby radially expand and plastically deform a portion 12b of the 
tubular member 12 above the portion 12a of the tubular member. In an exemplary embodiment, the 
inside diameter of the radially expanded and plastically deformed portion 12a of die mbular member 12 
is greater than the inside diameter of die radially expanded and plastically deformed portion 12b of the 
tubular member. In an exemplary embodiment, during the upward displacement of the upper adjustable 
expansion mandrel 202, die tubular member 12 is maintained in a stationary position relative to the 
tubular support member 14 by the locking device 1 6. In an exemplary embodiment, the tubular 
member 12 is radially expanded and plastically deformed into engagement with the wellbore 30 and/or 
one or more preexisting wellbore casings coupled to the wellbore 30. ta an exemplary embodiment, the 
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interface between the expansion surfaces 202a of the upper adjustable expansion mandrel 202 and the 
tubular member 12 is not fluid tight in order to facilitate the lubrication of the interface between the 
expansion surface of the upper adjustable expansion mandrel and the tubular member. 
10102] As illustrated in Fig. 21, the locking device 1 6 is then disengaged firom the tubular member 
12, and the tubular member 12 is supported by the upper adjustable expansion mandrel 202. Tlie 
tubular support member 14, the locking device 16, the tubular support member 18, and the actuator 20 
are then displaced upwardly relative to the upper adjustable expansion mandrel 202 and the tubular 
member 12. 

(01031 As illustrated in Fig. 22, the locking device 1 6 then engages the tubular member 1 2 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
upper adjustable expansion mandrel 202 is displaced upwardly relative by the actuator 20 to radially 
expand and plastically deform the portion 12b of the tubular member. 

[0104] In an exemplary embodiment, the operations of Figs. 2 1 and 22 are then repeated until the 
remaining length of the portion 12b of the tubular member 12 is radially expanded and plastically 
deformed by the upper adjustable expansion mandrel 202. In several alternative embodiments, the 
upper adjustable expansion mandrel 202 may be collapsed to the smaller dimension prior to the further, 
or complete, radial expansion and plastic deformation of the tubular member 12. 
10105] Referring to Fig. 23, in an exemplary embodiment, the method and apparatus of one or 
more of Figs. 1-22 are repeated to provide a mono diameter wellbore casing 300 within a borehole 302 
that traverses a subterranean formation 304 by successively overlapping and radially expanding and 
plastically deforming wellbore casing 306a-306d within the wellbore. In this manner, a wellbore casing 
300 is provided that defines an interior passage having a substantially constant cross sectional area 
throughout its length. In several alternative embodiments, the cross section of the wellbore casing 300 
may be, for example, square, rectangular, elliptical, oval, circular and/or faceted. 
10106] Referring to Figs. 24a-24k, an exemplary embodiment of an apparatus 400 for radially 
expanding and plastically deforming a tubular member includes a tubular support member 402 that 
defines a longitudinal passage 402a that is threadably coupled to and received v«thin an end of a tool 
joint adaptor 404 that defines a longimdinal passage 404a and radial passages 404b and 404c. 
[0107] The other end of the tool joint adaptor 404 receives and is threadably coupled to an end of a 
gripper upper mandrel 406 that defines a longitudinal passage 406a. external radial mounting holes. 
406b and 406c, an external annular recess 406d. an external annular recess 406e, hydraulic port 406f, 
an internal annular recess 406g, hydraulic port 406h, external radial mounting holes. 4061 and 406j, and 
includes a flange 406k, and a flange 4061. Torsional locking pins, 408a and 408b, are coupled to the 
external radial mounting holes, 406b and 406c, respectively, of the gripper upper mandrel 406 and 
received within the radial passages, 404b and 404c, respectively, of the tool joint adaptor 404. 
10108] A spring retainer sleeve 410 that includes a flange 410a receives and is threadably coupled 
to the gripper upper mandrel 406 between an end face of the tool joint adaptor 404 and the flange 406k 
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of the gripper upper mandrel. A bypass valve body 412 receives and is movably coupled to the gripper 
upper mandrel 406 that defines radial passages, 412a and 412b, and an internal annular recess 412c 
includes a flange 4 1 2d. 

(01091 An end of a spring cover 4 14 receives and is movably coupled to the spring retainer sleeve 
410 that defines an internal annular recess 414a. The other end of tlie spring cover 414 receives and is 
threadably coupled to an end of the bypass valve body 412. A spring guide 416, a spring 418, and a 
spring guide 420 are positioned within an annular chamber 422 defined between the spring cover 414 
and the flange 406k of the gripper upper mandrel 406. Furthermore, an end of the spring guide 416 
abuts an end face of the spring retainer sleeve 410. 

[OnOl Casing gripper locking dogs, 424a and 424b, are received and pivotally mounted within the 
radial passages, 412a and 412b, respectively, of the bypass valve body 412. An end of each of the 
casing gripper locking dogs, 424a and 424b, engage and are received within the outer annular recess 
406d of the gripper upper mandrel 406. An end of a debris trap 426 receives and is threadably coupled 
to an end of the bypass valve body 4 1 2, and tlie other end of the debris trap receives and is movably 
coupled to the flange 4061 of the gripper upper mandrel 406. 

(01111 An end of a gripper body 428 receives and is threadably coupled to an end of the gripper 
upper mandrel 406 that defines a longitudinal passage 428a, radial passages, 428b and 428c, radial slip 
mounting passages, 428d-428m, and radial passages, 428n and 428o, includes a flange 428p. 
[01 12] Hydraulic slip pistons 432a-432j are movably mounted with the radial slip mounting 
passages 428d-428m, respectively, for movement in the radial direction. Retainers 434a^34j are 
coupled to the exterior of the flange 428p of the gripper body 428 for limiting the outward radial 
movement of the hydraulic slip pistons 432a-432j, respectively, and springs 436a-436j are positioned 
within the radial slip mounting passages, 428d-428m. respectively, of the gripperbody between the 
hydraulic slip pistons, 432a-432j, and the retainers, 434a-434j. respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 428d-428m, displaces the hydraulic 
slip pistons, 432a-432j, respectively, radially outwardly and compresses the springs, 436a-436j, 
respectively, and during depressurization of the radial slip mounting passages, 428d^28m, springs, 
436a-436j, respectively, displace die hydraulic slip pistons, 432a-432j, inwardly. In an exemplary 
embodiment, displacement of the hydraulic slip pistons 432a-432j radially outwardly permits at least 
portions of the hydraulic slip pistons to engage and grip an outer tubular member. 
(01131 Torsional locking pins, 438a and 438b, are coupled to the external radial mounting holes, 
406i and 406j, respectively, of the gripper upper mandrel 406 and received within the radial passages, 
428b and 428c, respectively, of die gripper body 428. 

(01 141 An end of a gripper body 440 receives and is tiu-eadably coupled to an end of the gripper 
body 428 that defines a longitudinal passage 440a, radial passages, 440b and 440c, radial slip mounting 
passages, 440d-440m, and radial passages, 440n and 440o, includes a flange 440p. 
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[0115] Hydraulic slip pistons 442a442j are movably mounted with the radial slip mounting 
passages 440d-440m, respectively, for movement in the radial direction. Retainers 444a-444j are 
coupled to tlie exterior of the flange 440p of the gripper body 440 for limiting the outward radial 
movement of the hydraulic slip pistons 442a-442j, respectively, and springs 446a-446j are positioned 
within the radial slip mounting passages, 440d-440m, respectively, of the gripper body between the 
hydraulic slip pistons, 442a-442j, and the retainers, 444a-444j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 440d-440m, displaces the hydraulic 
slip pistons, 442a-442j, respectively, radially outwardly and compresses the springs, 446a-446j, 
respectively, and during depressurization of the radial slip mounting passages, 440d-440m, the springs, 
446a-446j, respectively, displace the hydraulic slip pistons, 442a-442j, radially inward. In an 
exemplary embodiment, displacemem of the hydraulic slip pistons 442a-442j radially outwardly 
permits at least portions of the hydraulic slip pistons to engage and grip an outer tubular member. 
[01161 Torsional locking pins, 448a and 448b, are coupled to the external radial mounting holes, 
428n and 428o, respectively, of the gripper body 428 and received within the radial passages, 440b and 
440c, respectively, of the gripper body 440. 

10117] An end of a tool joint adaptor 450 that defines a longitudinal pass^e 450a, radial passages, 
450b and 450c, and an inner annular recess 450d, receives and is threadably coupled to an end of the 
gripper body 440. Torsional locking pins, 452a and 452b, are coupled to the external radial mounting 
holes, 440n and 440o, respectively, of the gripper body 428 and received withm the radial passages, 
450b and 450c, respectively, of the tool joint adaptOT 450. 

101181 A bypass tube 454 that defines a longitudinal passage 454a is received within the 
longitudinal passages, 406a, 428a, 440a, and 450a, of the gripper upper mandrel 406, the gripper body 
428, the gripper body 440, and the tool joint adaptor 450. respectively, is coupled to the recess 406g of 
the gripper upper mandrel at one end and is coupled to the recess 450d of the tool joint adaptor at the 
other end. 

101191 An end of a cross over adaptor 456 that defines a longitudinal passage 456a receives and is 
threadably coupled to an end of the tool joint adaptor 450. The other end of the cross over adaptor 456 
is received within and is coupled to an end of a tool joint adaptor 458 that defines a longitudinal 
passage 458a and external radial mounting holes, 458b and 458c. 

[0120] An end of a positive casing locking body 460 that defines a tapered longitudinal passage 
460a and radial passages, 460b and 460c, receives and is threadably coupled to the other end of the tool 
joint adaptor 458. Torsional locking pins, 462a and 462b, are coupled to the external radial mounting 
holes, 458b and 458c, respectively, of the tool joint adaptor 458 and received within the radial passages, 
460b and 460c, respectively, of the poshive casing locking body 460. 

(01211 An end of a positive casing locking dog 464 mates with, is received within, and is coupled 
to the other end of the positive casing locking body 460 that includes internal flanges, 464a and 464b, 
and an external flange 464c. In an exemplary embodiment, the external flange 464c of the positive 
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casing locking dog 464 includes an ribbed external surface 464d that engages and locks onto a ribbed 
internal surface 466a of a positive casing locking collar 466. 

[01221 One end of the positive casing locking collar 466 is threadably coupled to a casing 468 and 
the other end of the positive casing locking collar is threadably coupled to a casing 470 that defines 
radial mounting holes, 470a and 470b, at a lower end thereof. In this manner, the casings, 468 and 470, 
are also engaged by and locked onto the positive casing locking dog 464. 

[01231 The other end of the positive casing locking dog 464 mates with, is received within, and is 
coupled to an end of a positive casing locking body 472 that defines a tapered longitudinal passage 
472a and radial passages, 472b and 472c. The other end of the positive casing locking body 472 
receives, mates whh, and is coupled to an end of a casing lock barrel adaptor 474 that defines external 
radial mounting holes, 474a and 474b, and external radial mounting holes, 474c and 474d. Torsional 
locking pins, 475a and 475b, are coupled to the external radial mounting holes, 474a and 474b, 
respectively, of the casing lock barrel adaptor 474 and received within the radial passages, 472b and 
472c, respectively, of the positive casing locking body 472. 

[01241 An end of a positive casing lock releasing mandrel 476 that defines a longitudinal passage 
476a, an external annular recess 476b, an external annular recess 476c, an external annular recess 476d, 
and an external annular recessed end portion 476e, is received within and movably coupled to an end of 
the tool joint adaptor 458. The middle portion of the positive casing lock releasing mandrel 476 is 
received within and mates with the internal flanges, 464a and 464b, of the positive casing locking dogs 
464. The other end of the positive casing lock releasing mandrel 476 is received within and is movably 
coupled to the end of the casing lock barrel adaptor 474. and the external annular recessed portion 476e 
of die positive casing lock releasing mandrel is threadably coupled to and received within an end of a 
positive casing lock lower mandrel 478 that defmes a longitudinal passage 478a, external radial 
mounting holes, 478b and 478c, and an external annular recessed end portion 478d. 
[0125] A shear pin ring 480 that defines radial passages, 480a and 480b, receives and mates with 
the positive casing lock lower mandrel 478. Shear pins, 482a and 482b, are coupled to the external 
radial mounting holes, 478b and 478c, respectively, of the positive casing lock lower mandrel 478 and 
are received within the radial passages, 480a and 480b, respectively, of the shear pin ring 480. 
101261 An end of an actuator barrel 484 that defines a longitudinal passage 484a, radial passages, 
484b and 484c, and radial passages, 484d and 484e, is threadably coupled to an end of the casing lock 
barrel adaptor 474. Torsional locking pins, 486a and 486b. are coupled to the external radial mounting 
holes, 474c and 474d, respectively, of the casing lock barrel adaptor and are received widiin the radial 
passages, 484b and 484c, respectively, of the actuator barrel. 

[01271 The other end of the actuator barrel 484 is threadably coupled to an end of a barrel 
connector 486 that defmes an internal annular recess 486a, external radial mounting holes, 486b and 
486c, radial passages, 4S6d and 486e, and external radial mounting holes, 486f and 486g. A sealing 
cartridge 488 is received within and coupled to the internal annular recess 486a of the barrel connector 
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486 for fluidicly sealing the interface between the barrel connector and the sealing cartridge. Torsional 
locking pins, 490a and 490b, are coupled to and mounted within the external radial mounting holes, 
486b and 486c, respectively, of the barrel connector 486 and received within the radial passages, 484d 
and 484e, of the actuator barrel 484. 

[01281 The other end of the barrel connector 486 is threadably coupled to an end of an actuator 
barrel 492 that defines a longitudinal passage 492a, radial passages, 492b and 492c, and radial passages, 
492d and 492e. Toreional locking pins, 494a and 494b, are coupled to and mounted within the external 
radial mounting holes, 486f and 486g, respectively, of the barrel connector 486 and received within the 
radial passages, 492b and 492c, of the actuator barrel 492. The other end of the actuator banel 492 is 
threadably coupled to an end of a barrel connector 496 that defines an internal annular recess 496a, 
external radial mounting holes, 496b and 496c, radial passages, 496d and 496e, and external radial 
mounting holes, 496f and 496g. A sealing cartridge 498 is received within and coupled to the internal 
annular recess 496a of the barrel connector 496 for fluidicly sealing the interface between the barrel 
connector and the sealing cartridge. Torsional locking pins, 500a and 500b, are coupled to and 
mounted within the external radial mounting holes, 496b and 496c, respectively, of the barrel connector 
496 and received within the radial passages, 492d and 492e, of the actuator barrel 492. 
[0129] The end of the barrel connector 496 is threadably coupled to an end of an actuator barrel 
502 that defines a longitudinal passage 502a, radial passages, 502b and 502c, and radial passages, 502d 
and 502e. Torsional locking pins, 504a and 504b, are coupled to and mounted within the external radial 
mounting holes, 496f and 496g, respectively, of the barrel connector 496 and received within the radial 
passages, 502b and 502c, of the actuator barrel 502. The other end of the actuator barrel 502 is 
threadably coupled to an end of a barrel connector 506 that defines an internal annular recess 506a, 
external radial mounting holes, 506b and 506c, radial passages, 506d and 506e, and external radial 
mounting holes, 506f and 506g. Torsional locking pins, 508a and 508b, are coupled to and mounted 
within the external radial mounting holes, 506b and 506c, respectively, of the barrel connector 506 and 
received within the radial passages, 502d and 502e, of the actuator banrel 502. A sealing cartridge 510 
is received within and coupled to the internal annular recess 506a of the banrel connector 506 for 
fluidicly sealing the interface between the barrel connector and the sealing cartridge. 
[0130] The other end of the barrel connector 506 is threadably coupled to an end of an actuator 
barrel 512 that defines a longitudinal passage 5I2a, radial passages, 512b and 512c, and radial passages, 
512d and 5 12e. Torsional locking pins, 514a and 514b, are coupled to and mounted within the external 
radial mounting holes, 506f and 506g, respectively, of the banrel connector 506 and received within the 
radial passages, 512b and 512c, of the actuator barrel 512. The other end of the actuator barrel 512 is 
threadably coupled to an end of a lower stop 5 1 6 that defines an internal annular recess 5 1 6a, external 
radial mounting holes, 516b and 516c, and an internal annular recess 516d that includes one or more 
circumferentially spaced apart locking teeth 5 1 6e at one end and one or more circumferentially spaced 
apart locking teeth 5 1 6f at the other end. A sealing cartridge 5 1 8 is received within and coupled to the 
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internal annular recess 516a of the barrel connector 516 for fluidicly sealing the interface between the 
barrel connector and the sealing cartridge. Torsional locking pins, 520a and 520b, are coupled to and 
mounted within the external radial mounting holes, 516b and 516c, respectively, of the barrel connector 
516 and received within the radial passages, 512d and 512e, of the actuator barrel 512. 
10131] A connector tube 522 that defines a longitudinal passage 522a is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 488 mounted within the 
annular recess 486a of the barrel connector 486. In this manner, during longitudinal displacement of 
the connector tube 522 relative to the barrel connector 486, a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the barrel connector. An end of the 
connector tube 522 is received within and is threadably coupled to an end of dart/ball guide 524 that 
defines a tapered passage 524a at the other end. 

10132] The other end of the connector tube 522 is received within and threadably coupled to an 
end of a piston 526 tliat defines a longitudinal passage 526a and radial passages, 526b and 526c, that 
includes a flange 526d at one end. A sealing cartridge 528 is mounted onto and sealingly coupled to the 
exterior of the piston 526 proximate the flange 526d. The sealing cartridge 528 also mates with and 
sealingly engages the interior surface of the actuator barrel 492. In this manner, during longitudinal 
displacement of the piston 526 relative to the actuator barrel 492, a fluidic seal is maintained between 
the exterior surface of the piston and the interior surface of the actuator barrel 

[0133] The other end of the piston 526 receives and is threadably coupled to an end of a connector 
tube 529 that defines a longitudinal passage 528a. The connector tube 529 is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 498 mounted within the 
annular recess 496a of the barrel connector 496. In this manner, during longitudinal displacement of 
the connector tube 529 relative to the barrel connector 496, a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the barrel connector. 
[0134] The other end of the connector tube 529 is received within and threadably coupled to an 
end of a piston 530 that defines a longitudinal passage 530a and radial passages, 530b and 530c, that 
includes a flange 530d at one end. A sealing cartridge 532 is mounted onto and sealingly coupled to the 
exterior of the piston 530 proximate the flange 530d. The sealing cartridge 532 also mates with and 
sealingly engages the interior surface of the actuator barrel 502. In this manner, during longitudinal 
displacement of the piston 530 relative to the actuator barrel 502, a fluidic seal is maintained between 
the exterior surface of the piston and the interior surface of the actuator barrel. 
[0135] The other end of the piston 530 receives and is threadably coupled to an end of a connector 
tube 534 that defines a longitudinal passage 534a. The connector tube 534 is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 510 mounted within the 
annular recess 506a of the barrel connector 506. In this manner, during longitudinal displacement of 
the connector tube 534 relative to the barrel connector 506, a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the barrel connector. 
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10136) The other end of the connector tube 534 is received within and threadably coupled to an 
end of a piston 536 that defines a longitudinal passage 536a, radial passages, 536b and 536c, and 
external radial mounting holes, 536d and 536e, that includes a flange 536f at one end. A sealing 
cartridge 538 is mounted onto and sealingly coupled to the exterior of the piston 536 proximate the 
flange 536d. The sealing cartridge 538 also mates with and sealingly engages the interior surface of the 
actuator barrel 512. In this manner, during longitudinal displacement of the piston 536 relative to the 
actuator barrel 512. a fluidic seal is maintained between the exterior surface of the piston and the 
interior surface of the actuator barrel. 

101371 The other end of the piston 536 is received within and threadably coupled to an end of a 
lock nut 540 that defines radial passages, 540a and 540b, and includes one or more circumferentially 
spaced apart locking teeth 540c at the other end for engaging the circumferentially spaced apart locking 
teeth 516e of the lower stop 516. 

[0138] A threaded bushing 542 is received within and threadably coupled to the circumferentially 
spaced apart locking teeth 540c of the lock nut 540. An end of a connector tube 544 that defines a 
longitudinal passage 544a is received within and is threadably coupled to the threaded bushing 542. A 
sealing sleeve 546 is received within and is threadably coupled to adjacent ends of the piston 536 and 
the connector tube 544 for fluidicly sealing the interface between the end of the piston and the end of 
the connector tube. Torsional locking pins, 548a and 548b, are mounted within and coupled to the 
external radial mounting holes, 536d and 536e, respectively, of the piston 536 that are received within 
the radial passages, 540a and 540b. of the stop nut 540. 

101391 The connector tube 544 is received within and sealingly and movably engages the interior 
surface of the sealing cartridge 518 mounted within the annular recess 516a of the barrel connector 5 16. 
In this manner, during longitudinal displacement of the connector tube 544 relative to the barrel 
connector 5 1 6, a fluidic seal is maintained between the exterior surface of the connector tube and the 
interior surface of the barrel connector. • 

(01401 The other end of the connector tube 544 is received within and is threadably coupled to a 
threaded bushing 550. The threaded bushing 550 is received wiUiin and threadably coupled to a lock 
nut 552 that defines radial passages, 552a and 552b. and includes one or more circumferentially spaced 
apart locking teeth 552c at one end for engaging the circumferentially spaced apart locking teeth 5 1 6f 
of the lower stop 516. The other end of the lock nut 552 receives and is threadably coupled to an end of 
tool joint adaptor 554 that defines a longitudinal passage 554a. externa! radial mounting holes, 554b 
and 554c. Toreional locking pins, 556a and 556b. are mounted within and coupled to tlie external radial 
mounting holes. 554b and 554c. respectively, of the tool joint adaptor 554 diat are received within the 
radial passages, 552a and 552b. of the stop nut 552. A sealing sleeve 558 is received within and is 
threadably coupled to adjacent ends of the connector tube 544 and the tool joint adaptor 554 for 
fluidicly sealing the interfece between the end of d»e connector tube and the end of the tool joint 
adaptor. 
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101411 The other end of the tool joint adaptor 554 is received within and threadaWy coupled to an 
end of a tool joint adaptor 560 that defines a longitudinal passage 560a. A torsion plate 562 is received 
within and threadably coupled to the other end of the tool joint adaptor 560 that defines a longitudinal 
passage 562a and includes one or more circumferentially spaced apart locking teeth 562b at one end. 
An end of an upper bushing 564 is also received within and threadably coupled to the other end of the 
tool joint adaptor 560 proximate the torsion plate 562 Aat receives and is threadably coupled to an end 
of a cup mandrel 566 that defines a longitudinal passage 566a and includes a plurality of 
circumferentially spaced apart locking teeth 566b at one end for engaging the circumferentially spaced 
apart locking teeth 562b of the torsion plate 562. The end of the cup mandrel 566 is further positioned 
proximate an end face of the torsion plate 562. 

(0142) A diimble 568 is mounted on and is threadably coupled to the cup mandrel 566 proximate 
an end face of the upper bushing 564. An inner thimble 570 is mounted on and is tlireadably coupled to 
the cup mandrel 566 proximate an end of the thimble 568, and one end of the inner thimble is received 
within and mates with die end of the diimble. A resilient packer cup 572 is mounted on and sealingly 
engages the cup mandrel 566 proximate an end of the inner diimble 570, and one end of the packer cup 
is received within and mates widi die end of the inner thimble. A packer cup backup ring 574 is 
mounted on the inner thimble 570 proximate an end face of the thimble 568, and an end of the packer 
cup backup ring 574 receives and mates with die packer cup 572. A spacer 576 is mounted on and 
threadably engages the cup mandrel 566 proximate an end face of the packer cup 572. 
[0143] A diimble 5 78 is mounted on and is threadably coupled to the cup mandrel 566 proximate 
an end of the spacer 576. An inner diimble 580 is mounted on and is threadably coupled to the cup 
mandrel 566 proximate an end of the thimble 578, and one end of the inner thimble is received within 
and mates with the end of the diimble. A resilient packer cup 582 is mounted on and sealingly engages 
the cup mandrel 566 proximate an end of the inner diimble 580, and one end of die packer cup is 
received within and mates witii the end of die inner diimble. A packer cup backup ring 584 is mounted • 
on the inner thimble 580 proximate an end face of the diimble 578, and an end of die packer cup backup 
ring 584 receives and mates witii die packer cup 582. An adjustable spacer 586 is mounted on and 
threadably engages die cup mandrel 566 proximate an end face of the packer cup 582. 
(0144] An end of a cone mandrel 588 diat defines a longitudinal passage 588a, an external lock 
ring groove 588b, an external lock ring groove 588c, an exteinal lock ring groove 588d, an external 
lock ring groove 588e, radial passages, 588f and 588g, and locking dog grooves 588h receives and is 
threadably coupled to an end of the cup mandrel 566. A shear pin bushing 590 tiiat defines external 
radial mounting holes, 590a and 590b, at one end and an annular recess 590c at anodier end and 
includes circumferentially spaced apart locking teedi 590d at die other end is mounted on and is 
movably coupled to die cone mandrel 588. Torsional shear pins, 592a and 592b, are mounted witiiin 
and coupled to die external radial mounting holes, 590a and 590b, respectively, of the shear pin bushing 
590 and received within the radial passages, 470a and 470b, respectively, of the end of die casing 470. 
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In this manner, torque loads may be transmitted between the casing 470 and the shear pin bushing 590. 
A resilient lock ring 594 is retained in the external lock ring groove 588b of the cone mandrel and 
received within the internal annular recess 590c at the end of the shear pin bushing 590. 
[0145] Referring to Figs. 24j, 25a, and 25b, an upper cone retainer 596 receives, mates with, and is 
coupled to the end of the shear pin bushing 590 that includes an internal flange 596a and an internal 
upper pivot point flange 596b. An end of an upper cam 598 includes a tubular base 598a that mates 
with, receives, and is movably coupled to die cone mandrel 588. The tubular base 598a of the upper 
cam 598 further includes an external flange 598b that is received within and mates with the upper cone 
retainer 596 proximate tlie internal flange 596a of the upper cone retainer and a plurality of 
cireumferentially spaced apart locking teeth 598c that engage the circumferentially spaced apart locking 
teeth 590d of the end of the shear pin bushing 590. In this manner, the upper cam 598 is retained within 
the upper cone retainer 596 and torque loads may be transmitted between the upper cam and the shear 
pin bushing 590. 

(01461 Referring to Figs. 25b and 25c, the upper cam 598 ftirtiier includes a plurality of 
circumferentially spaced apart cam arms 598d that extend from the tubular base 598a in die longitudinal 
direction that mate with, receive, and are movably coupled to the cone mandrel 588. Each cam arm 
598d includes an inner surface 598da that is an arcuate cylindrical segment, a first outer surface 598db 
that is an arcuate cylindrical segment, a second outer surface 598dc that is an arcuate conical segment, 
and a third outer surface 598dd that is an arcuate cylindrical segment. In an exemplary embodiment, 
each of the cam arms 598d are identical. 

[01471 Referring to Figs. 24j, 25a, and 25d, a plurality of circumferentialy spaced apart upper cone 
segments 600 are interleaved among the cam amis 598d of the upper cam 598. In an exemplary 
embodiment, each upper cone segment 600 includes a first outer surface 600a that defines a hinge 
groove 600b. a second outer surface 600c, a third outer surface 600d, a fourth outer surface 600e, a first 
inner surface 600f, a second inner surface 600g, a third inner surface 600h. and a fourth inner surface 
600i. In an exemplary embodiment, the first outer surface 600a. the second outer surface 600c, the 
fourth outer surface 600e. the first inner surface 600f, the second inner surface 600g, and the fourth 
inner surface 600i are arcuate cylindrical segments. In an exemplary embodiment, die third outer 
surface 600d is an arcuate spherical segment. In an exemplary embodiment, the third inner surface 
600h is an arcuate conical segment In an exemplary embodiment, each of the upper cone segments 
600 are identical. In an exemplary embodiment, the hinge grooves 600b of the upper cone segments 
600 receive and mate with the pivot point 596b of the upper cone retainer 596. In tiiis manner, the 
upper cone segments 600 are pivotally coupled to the upper cone retainer 596. 
(01481 Referring to Figs. 24j, 25a, and 25e, a plurality of circumferentially spaced apart lower 
cone segments 602 overlap with and are interleaved among the upper cone segments 600. In an 
exemplary embodiment, each lower cone segment 602 includes a first outer surface 602a that defines a 
hinge groove 602b, a second outer surface 602c. a third outer surface 602d. a fourth outer surface 602e. 
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a first inner surface 602f, a second inner surface 602g, a third inner surface 602h. and a fourth inner 
surface 602i. In an exemplary embodiment, tlie first outer surface 602a, the second outer surface 602c, 
the fourth outer surface 602e, the first inner surface 602f, the second inner surface 602g, and the fourth 
inner surface 602i are arcuate cylindrical segments. In an exemplary embodiment, the third outer 
surface 602d is an aniuate spherical segment In an exemplary embodiment, the third inner surface 
602h is an arcuate conical segment. In an exemplary embodiment, each of the lower cone segments 
602 are identical. 

{01491 Referring to Figs. 24j. 25a, 25b, and 25f, a plurality of circumferentially spaced apart cam 
arms 604a that extend in the longitudinal direction from a tubular base 604b of a lower cam 604 overlap 
and are interleaved among the circumferentially spaced apart cam arms 598d of the upper cam 598 and 
mate with, receive, and are movably coupled to the cone mandrel 588. The tubular base 604b of the 
lower cam 604 mates with, receives, and is movably coupled to the cone mandrel 588 and includes an 
external flange 604c and a plurality of circumferentially spaced apart locking teeth 604d. Each cam 
arm 604a includes an inner surface 604aa that is an arcuate cylindrical segment, a first outer surface 
604ab that is an arcuate cylindrical segment, a second outer surface 604ac that is an arcuate conical 
segment, and a third outer surface 604ad that is an arcuate cylindrical segment. In an exemplary 
embodiment, each of the cam arms 604a are identical. 

lOlSOJ An end of a lower cone retainer 606 includes an inner pivot point flange 606a that mates 
with and is received within the hinge grooves 602b of tlie lower cone segments 602. In this manner, the 
lower cone segments 602 are pivotally coupled to the lower cone retainer 606. The lower cone retainer 
606 further includes an inner flange 606b that mates with and retains the external flange 604c of the 
lower cam 604. In this manner, the lower cam 604 is retained within the lower cone retainer 606. 
(01511 The other end of the lower cone retainer 606 receives and is threadably coupled to an end 
of a release housing 608 that defines a radial passage 608a at another end and includes a plurality of 
circumferentially spaced apart locking teeth 608b at the end of the release housing for engaging the 
circumferentially spaced apart locking teeth 604d of the lower cam 604. In this manner, torque loads 
may be transmitted between the release housing 608 and the lower cam 604. An end of a lower 
mandrel 610 that defines a longitudinal passage 610a, an external radial mounting hole 610b, and radial 
passages 610c is received within, mates with, and is movably coupled to the other end of the release 
housing 608. A torsion locking pin 612 is mounted within and coupled to the external radial mounting 
hole 610b of the lower mandrel 610 and received within the radial passage 608a of the release housing 
608. In this manner, longitudinal and to«,ue loads may be transmitted between the release housing 608 
and the lower mandrel 610. 

[01521 An end of a locking dog retainer sleeve 614 that defines an inner annular recess 614a at one 
end and includes a plurality of circumferentially spaced apart locking teeth 614b at one end for 
engaging the locking teeth 604d of the lower cam 604 is received within and threadably coupled to an 
end of the lower mandrel 610. The locking dog retainer sleeve 614 is also positioned between and 
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movably coupled to the release housing 608 and the cone mandrel 588. Locking dogs 616 are received 
within the inner annular recess 614a of the locking dog retainer sleeve 614 that releasably engage the 
locking dog grooves 588h provided in the exterwr surface of the cone mandrel 588. In this manner, the 
locking dogs 616 releasably limit the longitudinal displacement of the lower cone segments 602, lower 
cam 604, and tiie lower cone retainer 606 relative to the cone mandrel 588. 
(0153) A locking ring retainer 61 8 is received within and is threadably coupled to an end of the 
lower mandrel 610 that defines an inner annular recess 61 8a for retaining a resilient locking ring 620 
within the lock ring groove 588d of the cone mandrel 588. The locking ring retainer 61 8 further mates 
wifli and is movably coupled to the cone mandrel 588. An end of an emergency release sleeve 622 that 
defines radial passages 622a, an outer annular recess 622b, and a longitudinal passage 622c is received 
within and is threadably coupled to an end of the lower mandrel 610. The emergency release sleeve 
622 is also received within, mates with, and slidably and sealingly engages an end of the cone mandrel 
588. 

[0154J An end of a pressure balance piston 624 is received within, mates with, and slidably and 
sealingly engages the end of the lower mandrel 610 and receives, mates with, and is threadably coupled 
to an end of the cone mandrel 588. The other end of the pressure balance piston 624 receives, mates 
with, and slidably and sealingly engages the emergency release sleeve 622. 

10155) An end of a bypass valve operating probe 626 that defines a longitudinal passage 626a is 
received within and is threadably coupled to another end of the lower mandrel 610. An end of an 
expansion cone mandrel 628 that defines radial passages 628a receives and is threadably coupled to the 
other end of the lower mandrel 610. A sealing sleeve expansion cone 630 is slidably coupled to the 
other end of the expansion cone mandrel 628 that mcludes an outer tapered expansion surfece 630a. A 
guide 632 is releasably coupled to another end of the expansion cone mandrel 628 by a retaining collet 
634. 

~ 10156] An end of an expandable sealing sleeve 636 receives and is mounted on the sealing sleeve 
expansion cone 630 and the guide 632. The other end of the expandable sealing sleeve 636 receives 
and is threadably coupled to an end of a bypass valve body 638 that defines radial passages. 638a and 
638b. An elastomeric coating 640 is coupled to the exterior of at least a portion of the expandable 
sealing sleeve 636. An end of a probe guide 642 that defines an inner annular recess 642a is received 
within and is threadably coupled to an end of the bypass valve body 638 and receives and mates with an 
end of the bypass valve operating probe 626. 

[0157] A bypass valve 644 that defines a longitudinal passage 644a and radial passages, 644b and 
644c, and includes a collet locking member 644d at one end for releasably engaging an end of the 
bypass valve operating probe 626 is received within, mates with, and slidably and sealingly engages the 
bypass valve body 638. An end of a lower mandrel 646 that defines a longitudinal passage 646a 
receives and is threadably coupled to an end of the bypass valve body 638. 
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f01581 An end of a dart guide sleeve 648 that defines a longitudinal passage 648a is received 
within and is coupled to an end of the bypass valve body 638 and the other end of the dart guide sleeve 
648 is received within and is coupled with the lower mandrel 646. An end of a differential piston 650 
that includes an inner flange 650a at another end receives and is coupled to an end of the lower mandrel 
646 by one or more shear pins 652. An end of a float valve assembly 654 including a float valve 654a, 
a valve guard 654b, and a guide nose 654c receives and is threadably coupled to an end of the lower 
mandrel 646. A plurality of circumfeientially spaced apart locking dogs 656 are pivotally coupled to 
the inner flange 650a of the differential piston 650 and are further supported by an end of the float valve 
assembly 654. 

[0159] As illustrated in Figs. 24a-24k, in an exemplary embodiment, during operation of the 
apparatus 400. the apparatus is initially positioned within a preexisting structure 700 such as, for 
example, a wellbore that traverses a subterranean formation. In several alternative embodiments, the 
wellbore 700 may have any inclination from vertical to horizontal. Furthermore, in several alternative 
embodiments, the wellbore 700 may also include one or more preexisting wellbore casings, or other 
well construction elements, coupled to the wellbore. During the positioning of the apparatus 400 within 
the wellbore 700. the casings, 468 and 470, are supported by the positive casing locking dog 464 and 
the torsional shear pins, 592a and 592b. hi this manner, axial and torque loads may be transmitted 
between the casings, 468 and 470, and the tubular support member 402. 
10160) In an exemplary embodiment, as illustrated in Fig. 25h. prior to the assembly of the 
apparatus 400, the force of the spring 418 applies a sufficient downward longitudinal force to position 
the ends of the casing gripper locking dogs, 424a and 424b, between the outer annular recesses. 406d 
and 406e, of the gripper upper mandrel 406 thereby placing the bypass valve body 412 in a neutral 
position. In an exemplary embodiment, when the apparatus 400 is assembled by inserting the apparatus 
into the casing 468, the ends of the casing gripper locking dogs. 424a and 424b. impact the upper end of 
the casing 468 and are thereby displaced, along with the bypass valve body 412. upwardly relative to 
the gripper upper mandrel 406 until the ends of the casing gripper locking dogs pivot radially inwardly 
into'lngagement with the outer amiular recess 406d of the gripper upper mandrel. In this manner, the 
bypass valve body 412 is positioned in an inactive position, as illustrated in Fig. 24a, that fluidicly 
decouples the casing gripper hydraulic ports. 406f and 406h. The upward displacement of the bypass 
valvebody412 relative to the gripper upper mandrel 406 further compresses the spring 4 18. The 
bypass valve body 412 is then maintained in the inactive position due to the placement of the casing 
gripper tocking dogs. 424a and 424b, within the casing 468 thereby preventing the ends of the casing 
gripper locking dogs from pivoting radially outward out of engagement with the outer annular recess 
406d. 

[01611 Referring to Figs. 26a-26k, when the apparatus 400 is positioned at a desired predetennmed 
position within the wellbore 700, a fluidic material 702 is injected into the apparatus through the 
passages 402a, 404a. 406a, 454a, 450a, 456a. 458a, 476a. 478a, 484a, 522a. 529a, 534a. 544a. 554a, 
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566a, 588a, 622c 610a, 626a, 644a, and 646a and out of the apparatus through the float valve 654a. In 
this manner the proper operation of the passages 402a, 404a, 406a, 454a, 450a, 456a. 458a, 476a. 478a, 
484a, 522a, 529a, 534a. 544a, 554a, 566a, 588a, 622c, 610a, 626a, 644a, and 646a and the float valve 
654a may be tested. A dart 704 is then injected into the apparatus with the fluidic material 702 through 
the passages 402a, 404a, 406a. 454a, 450a, 456a, 458a, 476a, 478a, 484a, 522a, 529a, 534a, 544a, 554a, 
566a, 588a, 622c, 610a, 626a, and 644a until the dart is positioned and seated in the passage 646a of the 
lower mandrel 646. As a resuh of the positioning of the dart 704 in the passage 646a of the lower 
mandrel 646, the passage of the lower mandrel is thereby closed. 

[0162] The fluidic material 702 is then injected into the apparatus thereby increasing the operating 
pressure within the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a, 476a, 478a, 484a, 522a. 529a, 
534a, 544a. 554a, 566a, 588a, 622c. 610a, 626a, and 644a. Furthermore, the continued injection of the 
fluidic material 702 into the apparatus 400 also causes the fluidic material 702 to pass through the radial 
passages, 526b and 526c. 530b and 530c, and 536b and 536c, of the piston 526, 530, and 536, 
respectively, into an annular pressure chamber 706 defined between the actuator barrel 492 and the 
connector tube 529, an annular pressure chamber 708 defined between the actuator barrel 502 and the 
connector tube 534, and an annular pressure chamber 710 defined between the actuator barrel 512 and 
the connector tube 544. 

(01631 The pressurization of the annular pressure chambers, 706, 708. and 710 then cause the 
pistons 526, 530, and 536 to be displaced upwardly relative to the casing 470. As a result, the 
connector tube 529, the connector tube 534, the connector tube 544. the threaded bushing 550. the lock 
nut 552, the tool joint adaptor 554, the sealing sleeve 558, the tool joint adaptor 560. the torsion plate 
562, the upper bushing 564, the cup mandrel 566, the thimble 568, the inner thimble 570, the packer 
cup 572. the backup ring 574. the spacer 576, the thimble 578, the inner thimble 580. the packer cup 
582, the backup ring 584, the spacer 586, and the cone mandrel 588 are displaced upwardly relative to 
the casing 470, the shear pin bushing 590, the locking ring 594, the upper cone retainer 596, the upper 
cam 598, and the upper cone segments 600. 

[0164] As a result, as illustrated in Figs. 26j, 27a, and 27b, the shear pin bushing 590, the locking 
ring 594, the upper cone retainer 596, the upper cam 598, and the upper cone segments 600 are 
displaced downwardly relative to the cone mandrel 588, the lower cone segments 602, and the lower 
cam 604 thereby driving the upper cone segments 600 onto and up the cam arms 604a of the lower cam 
604, and driving the lower cone segments 602 onto and up the cam arms 598d of the upper cam 598. 
During the outward radial displacement of the upper and lower cone segments, 600 and 602, the upper 
and cone segments translate towards one another in the longitudinal direction and also pivot about the 
pivot points, 596b and 606a, of the upper and lower cone retainers. 596 and 606, respectively. 
[0165] As a result, a segmented expansion cone is formed that includes a substantially continuous 
outer arcuate spherical surface provided by the axially aligned and interleaved upper and lower 
expansion cone segments, 600 and 602. Furthermore, the resilient locking ring 594 is relocated from 
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the lock ring groove 588b to the lock ring groove 588c thereby releasably locking the positions of the 
shear pin bushing 590, the locking ring 594, the upper cone retainer 596. the upper cam 598. and the 
upper cone segments 600 relative to the cone mandrel 588. 

10166] Referring to Figs. 28a to 28j, the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize annular pressure chambers. 706. 708. and 710. As a result, an 
upward axial force is applied to the shear pin bushing 590 that causes the torsional shear pins. 592a and 
592b, to be sheared thereby decoupling the wellbore casing 470 fi^m the shear pin bushing 590 and 
pemiitting the pistons 526. 530, and 536 to be further displaced upwardly relative to the casing 470. 
The further upward displacement of the pistons 526, 530. and 536 in turn displaces the cone mandrel 
588. the upper cam 598, the upper cone segments 600, the lower cone segments 602, and the lower cam 
604'upwardly relative to the casing 470. As a result, the segmented expansion cone provided by the 
interleaved and axially aligned upper and lower cone segments, 600 and 602, radially expands and 
plastically deforms a portion of the casing 470. 

[0167J Referring to Figs. 29a-29m, during the continued injection of the fluidic material 702, the 
segmented expansion cone provided by the interleaved and axially aligned upper and lower cone 
segments. 600 and 602, will continue to be displaced upwardly relative to the casing 470 thereby 
continuing to radially expand and plastically deform the casing until the locking dogs 656 engage and 
push on the lower end of the casing 470. When the locking dogs 656 engage and push on the tower end 
of the casing 470, the locking dogs 656, the float valve assembly 654, the differential piston 650, the 
dart guide sleeve 648. the lower mandrel 646, the bypass valve 644. the elastomeric coating 640, the 
bypass valve body 638, the expandable sealing sleeve 636, the retaining collet 634, the guide 632, the 
sealing sleeve expansion cone 630, the expansion cone mandrel 628, the bypass valve operating probe 
626, die pressure balance piston 624, the emergency release sleeve 622, the resilient locking ring 620. 
the locking ring retainer 61 8, the locking dogs 616. the locking dog retainer sleeve 614. the torsion 
locking pin 6 12, the lower mandrel 610, the release housing 608, the lower cone retainer 606, the lower 
cam 604. and the lower cone segments 602 are displaced downwardly in the tongitudinal direction 
relative to the cone mandrel 588. As a result, the upper cam 598 and the upper cone segments 600 are 
moved out of axial alignment with the lower cone segments 602 and the lower cam 604 thereby 
collapsing the segmented expansion cone. Furthermore, the locking ring 620 is moved from the lock 
ring groove 588d to the lock ring groove 588e thereby releasably fixing the new position of the lower 
cone segments 602 and the lower cam 604. 

[01681 In particular, as illustrated in Fig. 30a. when a downward tensile longitudinal force is 
initially applied to the lower mandrel 610 relative to cone mandrel 588, the lower mandrel, the locking 
dog retainer sleeve 614, and the locking ring retainer 61 8 are displaced downwardly relative to the cone 
mandrel 588 when the applied tensile force is sufficient to release the locking ring 620 from 
engagement with the lock ring groove 588d. As illustrated in Fig. 30b, if the applied tensile force is 
sufficient to release the locking ring 620 from engagement with the lock ring groove 588d. the lower 
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mandrel 610, the locking dog retainer sleeve 614, and the locking ring retainer 618 arc displaced 
downwardly relative to the cone mandrel 588 thereby displacing the annular recess 6I4a of the locking 
dog retainer sleeve downwardly relative to the locking dogs 616. As a result, the locking dogs 616 are 
released from engagement with the locking dog grooves 588h of the cone mandrel 588 thereby 
permitting the lower cone segments 602, the lower cam 604, and the lower cone retainer 606 to be 
displaced downwardly relative to the cone mandrel 588. 

[0169) As illustrated in Fig. 30c, fiirther downward displacement of the lower mandrel 6 1 0 then 
causes the torsion locking pin 612 to engage and displace the release housing 608 downwardly relative 
to the cone mandrel 588 thereby dispbcing the locking dogs 616, the lower cone retainer 606, the lower 
cam 604, and the lower cam segments 602 downwardly relative to the cone mandrel. As a result, the 
lower cone segments 602 and the lower cam 604 are displaced downwardly out of axial alignment with 
the upper cam 598 and the upper cam segments 600 thereby collapsing the segmented expansion cone. 
FurtheiTOore, the downward displacement of the locking dog retainer sleeve 614 also displaced the 
locking ring retainer 618 and the locking ring 620 downwardly relative to the cone mandrel 588 thereby 
relocating the locking ring from the lock ring groove 588d to the lock ring groove 588e. In this manner, 
the now position of the lower cone segments 602 and the lower cam 604 are tiiereby releasably fixed 
relative to the cam mandrel 588 by the locking ring 620. 

101701 The operations of Fip. 30a-30c may be reversed, and the segmented expansion cone may 
again be expanded, by applying a upward compressive force to the lower mandrel 610. If the 
compressive force is sufficient, the locking ring 620 will be released from engagement with the lock 
ring groove 588e, thereby permitting the lower mandrel 610 and the locking dog retainer 614 to be 
displaced upwardly relative to the cone mandrel 588. As a result, the locking dog retainer 614 will 
engage and displace the locking dogs 616, the lower cam 604, the lower cone segments 602, the lower 
cone retainer 606, and the release housing 608 upwardly relative to the cone mandrel 588 thereby 
bringing the upper cam 598 and the upper cone segments 600 back into axial alignment with the lower 
cone segments 602 and the lower cam 604. As a result, the segmented expansion cone is once again 
expanded. Once the segmented cone has been folly expanded, the locking dogs 616 will once again be 
positioned in alignment with the locking dog grooves 588h of the cone mandrel 588 and will thereby 
once again engage the locking dog grooves. The continued upvwird displacement of the lower mandrel 
610 relative to cone mandrel 588 will thereby also upwardly displace the locking dog retainer 614 
upwardly relative to the cone mandrel thereby once again capturing and restraining the locking dogs 
616 within the annular recess 614a of the locking dog retainer. As a result, the new expansion position 
of the lower cone segments 602 and the lower cam 604 relative to the cone mandrel 588 will be 
releasably locked by the locking dogs 616. Furthermore, the locking ring 620 will also be relocated 
from engagement with the lock ring groove 588e to engagement with the lock ring groove 588d to 
thereby releasably lock the expanded segmented cone in the expanded position. 
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[0171] Referring to Figs. 31a-31n, the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize the piston chambers 706, 708, and 710 thereby further displacing 
the pistons upwardly 526, 530, and 536 upwardly relative to the support member 402. Because the 
engagement of the locking dogs 656 with the lower end of tlie casing 470 prevents float valve 654 from 
entering the casing, the continued upward displacement of the pistons 526, 530, and 536 relative to the 
support member 402 causes the bypass valve operating probe 626 to be displaced upwardly relative to 
the support member thereby disengaging the bypass valve operating probe from the probe guide 642, 
and also causes the sealing sleeve expansion cone 630 to be displaced upwardly relative to the 
expandable sealmg sleeve 636 thereby radially expanding and plastically deforming the sealing sleeve 
636 and the ekistomeric coating 640 into sealing engagement with the interior surface of the lower end 
of the casing 470. As a result, the lower end of the casing 470 is fluidicly sealed by the combination of 
the sealing engagement of the sealing sleeve 636 and elastomeric coating 640 with the interior surface 
of the lower end of the casing and die positioning the dart 704 widiin the passage 646a of the lower 
mandrel 646. 

[01721 Continued injection of the fluidic material 702 into the apparatus 400 continues to 
pressurize the piston chambers 706, 708, and 710 until the pistons 536, 530 and 536 are displaced 
upwardly relative to the casing 470 to their maximum upward position relative to the support member 
402. As a result, the dart ball guide 524 impacts the positive casing lock mandrel 478 with sufficient 
force to shear the shear pins, 428a and 428b, thereby decoupling the positive casing lock mandrel 478 
from the casing lock barrel adaptor 474. The positive casing lock mandrel 478 is tiien displaced 
upwardly relative to the support member 402 which in turn dispbces the positive casing lock releasing 
mandrel 476 upwardly relative to die positive casing locking dogs 464. As a result, the internal flanges, 
464a and 464b, of the positive casing locking dogs are relocated into engagement with the annular 
recesses, 476c and 476d, respectively, of die positive casing lock releasing mandrel 476. The positive 
casing lock casing collar 466 is thereby released from engagement with die poshive casing locking dogs 
464 thereby releasing die casings 468 and 470 from engagement witii die support member 402. As a 
result, die positions of the casings. 468 and 470. are no longer fixed relative to die support member 402. 
[01731 Referring to Figs. 32a-32k, tfie injection of die fluidic material 702 is stopped and die 
support member 402 is dien lowered into die wellbore 700 until the float va^e assembly 654 impacts 
the bottom of die wellbore. The support member 402 is dien further lowered into the wellbore 700, 
with die float valve assembly 654 resting on the bottom of the wellbore. untU die bypass valve 
operating probe 626 impacts and displaces the bypass valve 644 downwardly relative to die bypass 
valve body 638 to fluidicly couple die passages, 638a and 644b. and die passages, 638b and 644c, and 
until sufficient upward compressive foree has been applied to die lower mandrel 610 to re-expand die 
segmented expansion cone provided by die cone segments, 600 and 602. In an exemplary 
embodiment, the collet locking member 644d of the bypass valve 644 will also engage an end of the 
bypass valve operating probe 626. 
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[0174] In an exemplary embodiment, the support member 402 is lowered downwardly into the 
wellbore 700 such that sufficient upward compressive force is applied to the lower mandrel 61 0 to 
release the locking ring 620 from engagement with the lock ring groove 588e, thereby permitting the 
lower mandrel 610 and the locking dog retainer 614 to be displaced upwardly relative to the cone 
mandrel 588. As a result, the locking dog retainer 614 will engage and displace the locking dogs 616, 
the lower cam 604, the lower cone segments 602, the lower cone retainer 606, and the release housing 
608 upwardly relative to the cone mandrel 588 thereby bringing the upper cam 598 and tlie upper cone 
segments 600 back into axial aligmnent with the lower cone segments 602 and the lower cam 604. As a 
result, the segmented expansion cone is once again expanded. Once the segmented cone has been fully 
expanded, the locking dogs 616 will once again be positioned in alignment with the locking dog 
grooves 588h of the cone mandrel 588 and will thereby once again engage the locking dog grooves. 
The continued upwani displacement of tlie lower mandrel 610 relative to cone mandrel 588 will tliereby 
also upwardly displace the locking dog retainer 614 upwardly relative to the cone mandrel thereby once 
again capturing and restraining the locking dogs 616 within the annular recess 614a of the locking dog 
retainer. As a result, the new expansion position of the lower cone segments 602 and the lower cam 
604 relative to the cone mandrel 588 will be releasably locked by the locking dogs 616. Furthermore, 
the locking ring 620 will also be relocated from engagement with the lock ring groove 588e to 
engagement with the lock ring groove 588d to thereby releasably lock the expanded segmented cone in 
the expanded position. 

10175] A hardenable fluidic sealing material 712 may then be injected into the apparatus 400 
through the passages 402a, 404a, 406a, 454a. 450a. 456a. 458a, 476a, 478a, 522a, 526a, 529a, 530a, 
534a. 536a. 544a. 554a, 566a. 588a, 622a, 6l0a. 626a. 638a, 638b. 644b. and 644c, and out of the 
apparatus through the circumferential gaps defined between the circumferentially spaced apart locking 
dogs 656 into the annulus between the casings 468 and 470 and the wellbore 700. In an exemplary 
embodiment, the hardenable fluidic sealing material 712 is a cement suitable for well construction. The 
hardenable fluidic sealing material 712 may then be allowed to cure before or after the further radial 
expansion and plastic deformation of the casings 468 and/or 470. 

10176] Referring to Figs. 33a-33p, after completing the injection of the fluidic material 712, the 
support member 402 is then lifted upwardly thereby displacing the bypass valve operating probe 626 
and the bypass valve 644 upwardly to fluidicly decouple the passages, 638a and 644b and 638b and 
644c, until the collet locking member 644d of the bypass valve is decoupled from the bypass valve 
operating probe. The support member 402 is then fiirther lifted upwardly until the segmented 
expansion cone, provided by the interleaved and axially aligned cone segments. 600 and 602, impacts 
the transition between the expanded and unexpanded sections of the casing 470. A fluidic material 714 
is then injected into the apparatus 400 througlt the passages 402a, 404a, 406a, 454a, 450a. 456a. 458a, 
476a, 478a, 484a, 524a, 522a. 526a, 529a, 530a. 534a. 536a. 544a. 554a. 566a. 588a. 622c. 610a. and 
626a thereby pressurizing the interior portion of the casing 470 below the packer cups, 572 and 582. In 
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particular, the packer cups, 572 and 582. engage the interior surface of the casings 468 and/or 470 and 
thereby provide a dynamic movable fluidic seal. As a result, the pressure differential across the packer 
cups, 572 and 582, causes an upward tensile force that pulls the segmented expansion cone provided by 
the axially aligned and interleaved cone segments, 600 and 602. to be pulled upwardly out of the 
casings 468 and/or 407 by the packer cups thereby radially expanding and plastically deforming the 
casings. Furthermore, the lack of a fluid tight seal between tlie cone segments, 572 and 582. and the 
casings 468 and/or 470 permits the fluidic material 714 to lubricate the interface between the cone 
segments and the casings during the radial expansion and plastic deformations of the casings by the 
cone segments. In an exemplary embodiment, during the radial expansion and plastic deformation of 
the wellbore casings 468 and/or 470, the support member 402 is lifted upwardly out of the wellbore 
700. In several alternative embodiments, the casings 468 and/or 470 are radially expanded and 
plastically deformed into engagement with at least a portion of the interior surface of the wellbore 700. 
[01771 Referring to Figs. 34a-341, in an exemplary embodiment, a preexisting wellbore casing 716 
is coupled to. or otherwise support by or within, the wellbore 700. In an exemplary embodiment, 
during the radial expansion and plastic deformation of tlie portion of the casing 468 and/or 470 that 
overlaps with the preexisting casing 716, during the continued injection of the fluidic material 714, the 
bypass valve body 412 is shifted downwardly relative to the gripper upper mandrel 406 thereby 
fluidicly coupling the casing gripper hydraulic ports, 406f and 406h. As a result, the interior passages. 
428a and 440a, of the gripper bodies, 428 and 440, are pressurized thereby displacing the hydraulic slip 
pistons, 432a-432j and 442a-442j, radially outward into engagement with the interior surface of the 
preexisting wellbore casing 716. After the hydraulic slip pistons, 432a-432j and 442a^42j, engage the 
preexisting wellbore casing 716, the continued injection of the fluidic material 714 causes the 
segmented expansion cone including the axially aligned and interleaved cone segments. 600 and 602. to 
be pulled through the overlapping portions of the casings 468 and/or 470 and the preexisting wellbore 
casing by the upward displacement of the pistons. 526, 530, and 536. relative to the preexisting 
wellbore casing. In this manner, the overiapping portions of the casings 468 and/or 470 and the 
preexisting weUbore casing 716 are simultaneously radially expanded and plastically deformed by the 
upward displacement of the segmented expansion cone including the axially aligned and interleaved 
cone segments, 600 and 602. In several alternative embodiments, the hydraulic slip pistons, 432a-432j 
and 442a-442j. are displaced radially outward into engagement with the interior surface of the casings 
468 and/or 470 and/or the preexisting wellbore casing 716. 

10178] In an exemplao- embodiment, the bypass valve body 412 is shifted downwardly relative to 
the gripper upper mandrel 406 by lowering the casing gripper locking dogs. 424a and 424b. using the 
support member 402 to a position below the unexpanded portions of the casings 468 and/or 470 into the 
radially expanded and plastically deformed portions of the casings. The ends of the casing gripper 
locking dogs. 424a and 424b. may then pivot outwardly out of engagement with the outer annular 
recess 406d of the gripper upper mandrel 406 and then are displaced downwardly relative to the gripper 



3S 



wo 03/042487 PCT/US02/36267 

upper mandrel, along with the bypass valve body 412. due to the downward longitudinal force provided 
by the compressed spring 418. As a result, the bypass valve body 412 is placed in the neutral position 
illustrated in Fig. 25h. The casing gripper locking dogs, 424a and 424b, are then displaced upwardly 
relative to the casing gripper upper mandrel 406 using the support member 402 thereby impacting the 
casing gripper locking dogs with the interior diameter of the unexpanded portion of the casings 468 
and/or 470. As a result, the casing gripper locking dogs. 424a and 424b. are displaced downwardly, 
along with the bypass valve body 412. relative to the casing gripper upper mandrel 406 until the ends of 
the casing gripper locking dogs pivot radially inwardly into engagement witli the outer annular recess 
406e of the casing gripper upper mandrel thereby positioning the bypass valve body in an active 
position, as illustrated in Fig. 34a. in which the casing gripper hydraulic ports, 406f and 406h, are 
fluidicly coupled. 

10179) to an alternative embodiment, the bypass valve body 4 12 is shifted downwardly relative to 
the gripper upper mandrel 406 by raising the casing gripper locking dogs, 424a and 424b, to a position 
above the casing 468 using the support member 402 thereby permitting the ends of the casing gripper 
locking dogs to pivot radially outward out of engagement with the outer annular recess 406d of the 
gripper upper mandrel 406. Tlie ends of the casing gripper locking dogs, 424a and 424b, are then 
displaced downwardly relative to the gripper upper mandrel, along with the bypass valve body 4 12, due 
to the downward longitudinal force provided by the compressed spring 418, into engagement with the 
outer annular recess 406e of the casing gripper upper mandrel thereby positioning the bypass valve 
body in an active position, as illustrated in Fig. 34a. in which the casing gripper hydraulic ports, 406f 
and 406h, are fluidicly coupled. 

(01801 In an exemplary embodiment, the process of pulling die segmented expansron cone 
provided by pulling the interleaved and axially aligned cone segments, 600 and 602. upwardly through 
the overlapping portions of the casings 468 and/or 470 and the preexistmg wellbore casing 716 is 
repeated by repeatedly stroking the pistons. 526, 530. and 536, upwardly by repeatedly a) injecting the 
fluidic material 714 to pressurize the apparatus 400 thereby displacing the segmented expansion cone 
upwardly, b) depressurizing the apparahis by halting the injection of the fluidic material, and then c) 
lifting the elements of the apparatus upwardly using the support member 402 in order to properly 
position the pistons for another upward stroke. 

(01811 Referring to Figs. 35a-35l, in an exemplary embodiment, during the operation of tiie 
apparatus 400, the segmented expansion cone provided by the interleaved and axially aligned cone 
segments, 600 and 602, may be collapsed thereby moving the cone segments out of axial alignment by 
injecting a ball plug 718 into the apparatus using the injected fluidic material 714 through the passages 
402a. 404a, 406a. 454a, 450a. 456a, 458a, 476a. 484a. 522a, 529a, 534a, 544a, 554a, 566a, and 588a 
into sealing engagement with the end of the emergency releasing sleeve 622. The continued injection 
of the fluidic material 714 following the sealing engagement of the ball plug 7 1 8 with the end of the 
emergency releasing sleeve 622 will apply a downward longitudinal tensile force to the lower mandrel 
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610. As a result, as illustrated and described above with reference to Fig. 30a, when the downward 
tensile longitudinal force is initially applied to the lower mandrel 610 relative to cone mandrel 588, the 
lower mandrel, the locking dog retainer sleeve 614, and the locking ring retainer 618 are displaced 
downwardly relative to the cone mandrel 588 when the applied tensile force is sufficient to release the 
locking ring 620 from engagement with the lock ring groove 588d. As illustrated in Fig. 30b. if the 
applied downward tensile longitudinal force is sufficient to release the locking ring 620 from 
engagement with the lock ring groove 588d, the lower mandrel 610, the locking dog retainer sleeve 
614, and the locking ring retainer 618 are displaced downwardly relative to the cone mandrel 588 
thereby displacing the annular recess 614a of the locking dog retainer sleeve downwardly relative to the 
locking dogs 616. As a result, the locking dogs 616 are released from engagement with the locking dog 
grooves 588h of the cone mandrel 588 thereby permitting the lower cone segments 602, the lower cam 
604, and the lower cone retainer 606 to be displaced downwardly relative to the cone mandrel 588. 
(0182] As illustrated in Fig. 30c, further downward displacement of the lower mandrel 610 then 
causes the torsion locking pin 612 to engage and displace the release housing 608 downwardly relative 
to the cone mandrel 588 thereby displacing the locking dogs 616, the lower cone retainer 606, the lower 
cam 604, and the lower cam segments 602 downwardly relative to the cone mandrel. As a result, the 
lower cone segments 602 and the lower cam 604 are displaced downwardly out of axial alignment with 
die upper cam 598 and the upper cam segments 600 thereby collapsing the segmented expansion cone. 
Furthermore, the downward displacement of the locking dog retainer sleeve 614 also displaced the 
locking ring retainer 61 8 and the locking ring 620 downwardly relative to the cone mandrel 588 thereby 
relocating the locking ring from the lock ring groove 588d to the lock ring groove 588e. In this manner, 
the now position of the lower cone segments 602 and the lower cam 604 arc thereby releasably fixed 
relative to the cam mandrel 588 by the locking ring 620. 

(0183) Referring now to Fig. 36a, an exemplary embodiment of the operation of the pressure 
balance piston 624 during an exemplary embodiment of the operation of the appaiatus 400 will now be 
described. In particular, after the dart 704 is positioned and seated in the passage 646a of the lower 
mandrel 646, the operating pressure within the passage 622c will increase. As a resuh. the operating 
pressure within the passages 622a will increase thereby increasing the operating pressures within the 
passages, 588f and 588g. of the cone mandrel 588, and within an annulus 720 defined between the cone 
mandrel 588 and lower mandrel 610. The operating pressure within the annulus 720 acts upon an end 
face of the pressure balance piston 624 thereby applying a downward tongitudinal force to the cone 
mandrel 588. As a result, the cone mandrel 588 and the locking dog retainer sleeve 614 could 
inadvertentiy be displaced away from each other in opposite directions during the pressurization of the 
interior passages of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of 
the lower mandrel 646 thereby potentially collapsing the segmented expansion cone including the 
interieaved and axially aligned cone segments, 600 and 602. Tlius, the pressure balance piston 624, in 
an exemplary embodiment, neutralizes the potential effects of the pressurization of the interior passages 
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of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of the lower mandrel 
646. 

(01841 Referring now to Fig. 36b, an exemplary embodiment of the operation of the pressure 
balance piston 624 during another exemplary embodiment of the operation of the apparatus 400 will 
now be described. In particular, during the placement of the ball 71 8 within the passage 622c of the 
releasing sleeve 622. the interior passages of the apparatus 400 upstream from the ball are pressurized. 
However, since the ball 718 blocks the passage 622c. the passage 622a is not pressurized. As a result, 
the pressure balance piston 624 does not apply a downward longitudinal force to the cone mandrel 588. 
As a result, the pressure balance piston 624 does not interfere with the collapse of the segmented 
expansion cone including the interleaved and axially aligned cone segments, 600 and 602, caused by 
the placement of the ball 718 within the mouth of the passage 622c of the release sleeve 622. 
[01851 An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of the expandable 
tubular member, an adjustable expansion mandrel coupled to the float shoe adapted to be controUably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to die adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actaiator adapted to controllably engage the expandable tubular 
member, and a support member coupled to the locking device. 

10186) A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning an adjustable expansion mandrel witliin 
the expandable tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out of the 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deform n portions of the expandable tubular member. 
101871 A method for forming a mono diameter wellbore casing has been described that includes 
positioning an adjustable expansion mandrel within a first expandable tubular member, supporting the 
first expandable tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the first expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member within the borehole, positioning the adjustable 
expansion mandrel within a second expandable tubular member, supporting the second expandable 
tubular member and the adjustable expansion mandrel within the borehole in overlapping relation to the 
fust expandable tubular member, lowering the adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, and 

41 



wo OJ/042487 PCT/US02/36267 

displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second expandable tubular 
member within the borehole. 

(0188] An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of tlie expandable 
tubular member^ an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, a support member coupled to the locking device, and a sealing member for sealingly engaging 
the expandable tubular member adapted to define a pressure chamber above the adjustable expansion 
mandrel during radial expansion of the expandable tubular member. 

10189] A method for radially expanding and plastically deforming an expandable tubular member 
witfiin a borehole has been described that includes positioning an adjustable expansion mandrel within 
the expandable tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel w^ithin the borehole, lowering the adjustable expansion mandrel out of the 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deform n portions of the expandable tubular member within the 
borehole, and pressurizing an interior region of the expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the expandable tubular 
member within the borehole. 

10190] A method for forming a mono diameter wellbore casing has been described that includes 
positioning an adjustable expansion mandrel within a first expandable tubular member, supporting the 
first expandable tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the first expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member within the borehole, pressurizing an interior region of 
the first expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic defomiation of the first expandable tubular member within the borehole, 
positioning the adjustable expansion mandrel within a second expandable tubular member, supporting 
the second exT)andable tubular member and the adjustable expansion mandrel within the borehole in 
overlapping relation to the first expandable tubular member, lowering the adjustable expansion mandrel 
out of the second expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the second 
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expandable tubular member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the borehole, and pressurizing an interior region of the second 
expandable tubular member above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the second expandable tubular member within the borehole. 
10191] An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member widiin the drilled borehole has 
been described that includes a float shoe adapted to mate with an end of the expandable tubular 
member, a drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
Kipansion mandrel coupled to the float shoe adapted to be controllably expanded to a larger outside 
dimension for radial expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking device coupled to 
the actuator adapted to controllably engage the expandable tubular member, and a support member 
coupled to the locking device. 

[0192] A method for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described tiiat includes positioning an adjustable expansion mandrel within the expandable tubular 
member, coupling a drilling member to an end of the expandable tubular member, drilling the borehole 
using the drilling member, positioning the adjustable expansion mandrel and the expandable tubular 
member within the drilled borehole, lowering the adjustable expansion mandrel out of the expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, and displacing 
the adjustable expansion mandrel upwardly relative to the expandable tubular member n times to 
radially expand and plastically deform n portions of the expandable tubular member within the drilled 
borehole. 

(0193] A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel wUhin a first expandable tubular 
member, coupling a drilling member to an end of the first expandable tubular member, drilling a first 
section of the borehole using the drilling member, supporting the first expandable tubular member and 
the adjustable expansion mandrel within tiie drilled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the 
first expandable tubular member m times to radially expand and plastically deform m portions of the 
first expandable tubular member within the drilled first section of the borehole, positioning the 
adjustable expansion mandrel within a second expandable tubular member, coupling the drilling 
member to an end of the second expandable tubular member, drilling a second section of the borehole 
using the drilling member, supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first expandable tubular member 
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within the second drilled sectbn of the borehole, lowering the adjustable expansion mandrel out of the 
second expandable tubular member, increasing the outside dimension of the adjustable expansion 
mandrel, and displacing the adjustable expansion mandrel upwardly relative to the second expandable 
tubular member n times to radially expand and plastically deform n portions of the second expandable 
tubular member within the drilled second section of the borehole. 

[0194] An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes a float shoe adapted to mate with an end of the expandable tubular 
member, a drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a larger outside 
dimension for radial expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking device coupled to 
the actuator adapted to controllably engage the expandable tubular member, a support member coupled 
to the locking device, and a sealing member for sealing engaging the expandable tubular member 
adapted to define a pressure chamber above the adjustable expansion mandrel during the radial 
expansion of the expandable tubular member. 

10195) A metliod for drilling a borehole within a subterranean fomation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes positioning an adjustable expansion mandrel within the expandable tubular 
member, coupling a drilling member to an end of the expandable tubular member, drilling the borehole 
using the drilling member, positioning the adjustable expansion mandrel and the expandable tubular 
member within the drilled borehole, lowering the adjustable expansion mandrel out of the expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member n times to radially 
expand and plastically deforai n portions of the expandable tubular member within the drilled borehole, 
and pressuring an interior portion of the expandable tubular member above the adjustable expansion 
mandrel during the radial expansion and plastic deformation of the expandable tubular member within 
the drilled borehole. 

[0196] A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, coupling a drilling member to an end of the first expandable tubular member, drilling a first 
section of the borehole usmgthe drilling member, supporting the first expandable tubular member and 
the adjustable expansion mandrel within the drilled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the 
first expandable tubular member m times to radially expand and plastically deform m portions of the 
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first expandable tubular member within the drilled first section of the borehole, pressuring an interior 
portion of the first expandable tubular member above the adjustable expansion mandrel during the 
radial expansion and plastic deformation of the first expandable tubular member within the first drilled 
section of the borehole, positioning the adjustable expansion mandrel within a second expandable 
tubular member, coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling member, supporting the second expandable 
tubular member and die adjustable expansion mandrel within the borehole in overlapping relation to the 
first expandable tubular member within the second drilled section of the borehole, lowering the 
adjustable expansion mandrel out of the second expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the second expandable tubular member n times to radially expand and plastically deform n 
portions of the second expandable tubular member within the drilled second section of the borehole, 
and pressuring an interior portion of the second expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the second expandable 
tubular member witiiin the drilled second section of the borehole. 

10197] An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of the expandable 
tubular member, a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a first larger outside dimension for radial expansion of the expandable tubular 
member or collapsed to a first smaller outside dimension, a second adjustable expansion mandrel 
coupled to the first adjustable expansion mandrel adapted to be controllably expanded to a second 
larger outside dimension for radial expansion of the expandable tubular member or collapsed to a 
second smaller outside dimension, an actuator coupled to the first and second adjustable expansion 
mandrels adapted to controllably displace the first and second adjustable expansion mandrels relative to 
the expandable tubular member, a locking device coupled to the actuator adapted to controllably engage 
the expandable tubular member, and a support member coupled to the lockmg device. The first larger 
outside dimension of the first adjustable expansion mandrel is larger than the second larger outside 
dimension of the second adjustable expansion mandrel. 

10198] A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning first and second adjustable expansion 
mandrels within the expandable tubular member, supporting the expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole, lowering the first adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically deform a lower portion of the 
expandable tubular member, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the expandable tubular member, decreasing the 
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outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of the 
second adjustable expansion mandrel, and displacing the second adjustable expansion mandrel 
upwardly itslative to the expandable tubular member to radially expand and plastically deform portions 
of the expandable tubular member above the lower portion of the expandable tubular member. The 
outside dimension of the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable expansion mandrel. 

(01991 A method for forming a mono diameter wellbore casing has been described that includes 
positioning first and second adjustable expansion mandrek within a first expandable tubular member, 
supporting the first expandable tubular member and the first and second adjustable expansion mandrels 
within a borehole, lowering the first adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
expand and plastically deform a lower portion of the first expandable tubular member, displacing the 
first adjustable expansion mandrel and the second adjustable expansion mandrel downwardly relative to 
the first expandable tubular member, decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable expansion mandrel, displacing 
the second adjustable expansion mandrel upwardly relative to the first expandable tubular member to 
radially expand and plastically deform portions of the first expandable tubular member above the lower 
portion of the expandable tubular member, positioning first and second adjustable expansion mandrels 
within a second expandable Uibular member, supporting the fu^ expandable tubular member and the 
first and second adjustable expansion mandrels witiiin the borehole in overlapping relation to the first 
expandable tubular member, lowering the first adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel upwardly relative to the second expandable tubular 
member to radially expand and plastically deform a lower portion of the second expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the second expandable tubular member, decreasing the outside dimension of the 
first adjustable expansion mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel, and displacing the second adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically deform portions of the second 
expandable tubular member above the lower portion of the second expandable tubular member. The 
outside dimension of the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable expansion mandrel. 

102001 An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of the expandable 
tubular member, a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a first larger outside dimension for radial expansion of the expandable tubular 
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member or collapsed to a first smaller outside dimension, a second adjustable expansion mandrel 
coupled to the first adjustable expansion mandrel adapted to be controllably expanded to a second 
larger outside dimension for radial expansion of the expandable tubular member or collapsed to a 
second smaller outside dimension, an actuator coupled to die first and second adjustable expansion 
mandrels adapted to controllably displace the first and second adjustable expansion mandrels relative to 
the expandable tubular member, a locking device coupled to the actuator adapted to controllably engage 
the expandable tubular member, a support member coupled to the locking device, and a sealing member 
for sealingly engaging the expandable tubular adapted to define a pressure chamber above the first and 
second adjustable expansion mandrels during the radial expansion of the expandable tubular member. 
Tlie first larger outside dimension of the first adjustable expansion mandrel is larger than the second 
larger outside dimension of the second adjustable expansion mandrel. 

102011 A method for radially expanding and plastically deforming an expandable mbular member 
within a borehole has been described that includes positioning first and second adjustable expansion 
mandrels within die expandable tubular member, supporting the expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole, lowering the first adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically defonn a lower portion of the 
expandable tubular member, pressurizing an Interior region of the expandable tubular member above 
the first adjustable expansion mandrel during the radial expansion of the lower portion of the 
expandable tubular member by the first adjustable expansion mandrel, displacing the first adjustable 
expansion mandrel and die second adjustable expansion mandrel downwardly relative to the 
expandable tubular member, decreasing die outside dimension of die first adjustable expansion mandrel 
and increasing tiie outside dimension of die second adjustable expansion mandrel, displacing die second 
adjustable expansion mandrel upwardly relative to die expandable tubular member to radially expand 
and plastically deform portions of die expandable tabular member above the lower portion of the 
expandable tubular member, and pressurizing an interior region of the expandable tubular member 
above the second adjustable expansion mandrel during die radial expansion of die portions of die 
expandable tubular member above the lower portion of die expandable tubular member by the second 
adjustable expansion mandrel. The outside dimension of die first adjustable expansion mandrel is 
greater than die outside dimension of Uie second adjustable expansion mandrel. 
10202] A mediod for forming a mono diameter wellbore casing has been described that includes 
positioning fiist and second adjustable expansion mandrels within a first expandable tubular member, 
supporting the first expandable tubular member and die first and second adjustable expansion mandrels 
within a borehole, lowering the first adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimensioh of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to die first expandable tubular member to radially 
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expand and plastically deform a lower portion of the first expandable tubular member, pressurizing an 
interior region of the first expandable tubular member above the first adjustable expansion mandrel 
during the radial expansion of the lower portion of the first expandable tubular member by the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the first expandable tubular member, decreasing 
the outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of 
the second adjustable expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the first expandable tubular member to radially tt^apand and plastically deform portions of the 
firet expandable tubular member above the lower portion of the expandable tubular member, 
pressurizing an interior region of the first expandable tubular member above the second adjustable 
expansion mandrel during the radial expansion of the portions of the first expandable tubular member 
above fte lower portion of the first expandable tubular member by the second adjustable expansion 
mandrel, positiwiing first and second adjustable expansion mandrels within a second expandable 
tubular member, supporting the first expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole in overlapping relation to the first expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the second expandable tubular member to radially 
expand and plastically deform a lower portion of the second expandable tubular member, pressurizing 
an interior region of the second expandable tubular member above the first adjustable expansion 
mandrel during the radial expansion of the lower portion of the second expandable tubular member by 
the first adjustable expansion mandrel, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second adjustable expansion 
mandrel upwardly relative to the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower portion of the second 
expandable tubular member, and pressurizing an interior region of the second expandable tubular 
member above the second adjustable expansion mandrel during the radial expansion of the portions of 
the second expandable tubular member above die lower portion of the second expandable tubular 
member by the second adjustable expansion mandrel. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
{02031 An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a support member, a locking device coupled to the support 
member and releasably coupled to the expandable tubular member, an adjustable expansion mandrel 
adapted to be controllably expanded to a larger outside dimension for radial expansion and plastic 
deformation of the expandable tubular member or collapsed to a smaller outside dimension, and an 
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actuator coupled to the locking member and the adjustable expansion mandrel adapted to displace the 
adjustable expansion mandrel upwardly through the expandable tubular member to radially expand and 
plastically deform a portion of the expandable tubular member. In an exempla^^ embodiment, the 
apparatus further includes a gripping assembly coupled to the support member and the actuator for 
controllably gripping at least one of the expandable tubular member or another tubular member. In an 
exemplary embodiment, the apparatus further includes one or more cup seals coupled to the support 
member for sealingly engaging the expandable tubular member above the adjustable expansion 
mandrel. In an exemplary embodiment, the apparatus fi.rther includes an expansion mandrel coupled to 
the adjustable expansion mandrel, and a float collar assembly coupled to the adjustable expansion 
mandrel that includes a float valve assembly and a sealing sleeve coupled to the float valve assembly 
adapted to be radially expanded and plastically deformed by the expansion mandrel. 
102041 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has also been described that includes supporting the expandable tubular member, an 
hydraulic actuator, and an adjustable expansion mandrel widun the borehole, increasing the size of the 
adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member. In an exemplary embodiment, the method further includes 
reducing the size of the adjustable expansion mandrel after the portion of die expandable tubular 
member has been radially expanded and plastically deformed. In an exemplary embodiment, the 
method fnrther includes fluidicly sealing the radially expanded and plastically deformed end of the 
expandable tubular member after reducing the siz« of the adjustable expansion mandrel. In an 
exemplan' embodiment, the method fiarther includes permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator after fluidicly sealing die radially 
expanded and plastically deformed end of die expandable tubular member. In an exemplary 
• embodiment, the method further includes injecting a hardenable fluidic sealing material into an annulus 
between the expandable tubular member and a preexisting structure after permitting the position of Ae 
expandable tubular member to float relative to the position of die hydraulic actuator. In an exemplary 
embodiment, die metiiod further includes increasing die size of d« adjustable expansion mandrel after 
permitting die position of die expandable tubular member to float relative to die position of die 
hydraulic actuator. In an exemplary embodiment, the medK,d further includes displacing the adjustable 
expansion cone upwardly relative to die expandable tubular member to radially expand and plasfcally 
deform anodier portion of die expandable tubular member. In an exemplary embodiment, the mediod 
further includes if the end of die odier portion of the expandable tubular member overlaps widi a 
preexisting structure, dien not pennitting die position of die expandable tubular member to float relative 
to die position of the hydraulic actuator, and displacing die adjustable expansion cone upwardly relative 
to die expandable tubular member using the hydraulic actuator to radially expand and plastically 
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deform the end of the other portion of the expandable tubular member that overlaps with the preexisting 
Structure. 

102051 A method for forming a mono diameter wellbore casing within a borehole that includes a 
preexisting wellbore casing has been described that includes supporting the expandable tubular 
member, an hydraulic actuator, and an adjustable expansion mandrel within the borehole, increasing the 
size of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the expandable tubular member using the hydraulic actuator to radially expand and 
plastically deform a portion of the expandable tubular member, and displacing the adjustable expansion 
mandrel upwardly relative to the expandable tubular member to radially expand and plastically deform 
the remaining portion of the expandable tubular member and a portion of the preexisting wellbore 
casing that overlaps with an end of the remaining portion of the expandable tubular member. In an 
exemplary embodiment, die method further includes reducing the size of the adjustable expansion 
mandrel after the portion of the expandable tubular member has been radially expanded and plastically 
deformed. In an exemplary embodiment, the method further includes fluidicly sealing the radially 
expanded and plastically deformed end of the expandable tubular member after reducing the size of the 
adjustable expansion mandrel. In an exemplary embodiment, the method farther includes permitting 
the position of the expandable tubular member to float relative to the position of the hydraulic actuator 
after fluidicly sealing the radially expanded and plastically deformed end of the expandable tubular 
member. In an exemplary embodiment, the method farther includes injecting a hardenable fluidic 
sealing material into an annulus between the expandable tubular member and the borehole after 
permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator. In an exemplary embodiment, the method further includes increasing the size of the 
adjustable expansion mandrel after permitting the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator. In an exemplary embodiment, the method further 
includes displacing the adjustable expansion cone upwardly relative to the expandable tubular member 
to radially expand and plastically deform the remaining portion of the expandable tubular member. In 
an exemplary embodiment, the method fiirther includes not permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator, and displacing the adjustable 
expansion cone upwardly relative to the expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform the end of the remaining portion of the expandable tubular 
member that overlaps with the preexisting wellbore casing after not permitting tiie position of the 
expandable tubuhir member to float relative to the position of the hydraulic actuator. 
[0206] It is understood that variations may be made in the foregoing without departing from the 
scope of the invention. For example, the teachings of the present illustrative embodiments may be used 
to provide a wellbore casing, a pipeline, or a structural support. Furthermore, the elements and 
teachings of Uie various illustrative embodiments may be combined in whole or in part in some or all of 
the illustrative embodiments. In addition, the expansion surfaces of the upper and lower cone 
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segments, 600 and 602. may include any form of inclined surface or combination of inclined surfaces 
such as. for example, conical, spherical, elliptical, and/or parabolic that may or may not be faceted. 
Finally, one or more of the steps of the methods of operation of the exemplary embodiments may be 
omitted and/or performed in another order. 

10207J Although illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some features of the present invention may be employed without a corresponding use of the 
other features. Accordingly, it is appropriate that the appended claims be construed broadly and in a 
manner consistent with the scope of the invention. 
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1 . An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

float shoe adapted to mate with an end of the expandable tubular member; 
djustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a laigCT outside dimension for radial expansion of the expandable 
tubular member or collapsed to a smaller outside dimension; 
actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular 
member; 

a locking device coupled to tlie actuator adapted to controllably engage the expandable 

tubular member, and 
a support member coupled to the locking device. 

2. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member; 
supporting the expandable tubular member and the adjustable expansion mandrel within the 
borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member. 

3 A method for forming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular member, 
supporting the first expandable tubular member and the adjustable expansion mandrel within a 
borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular member, 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 

member m times to radially expand and plastically deform m portions of the first 

expandable tubular memSer within the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member, 
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supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member, 

lowering the adjustable expansion mandrel out of the second expandable tubular member. 

increasing the outside dimension of the adjustable expansion maiidrei; and 

displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member witiiin the borehole. 

4. An appaiatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

float shoe adapted to mate with an end of the expandable tubular member; 

djustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a smaller outside dimension; 
actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 
member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member, 
a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular member adapted to 
define a pressure chamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

5. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member, 
supporting the expandable tubular member and the adjustable expansion mandrel within the 
borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing tfie outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member within the borehole; and 
pressurizing an interior region of the expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the 

e:qpandabie tubular member within the borehole. 
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6. A method for forming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular member; 
supporting the first expandable tubular member and the adjustable expansion mandrel within a 
borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 

member m times to radially expand and plastically deform m portions of the first 

expandable tubular member within the borehole; 
pressurizing an interior region of the first expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the first 

expandable tubular member within the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member, 
supporting the second expandable tubular member and die adjustable expansion mandrel within 

the borehole in overlapping relation to the first expandable tubular member; 
lowering the adjustable expansion mandrel out of the second expandable tubular member; 
increasing tlie outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 

member n times to radially expand and plastically deform n portions of the second 

expandable tubular member within the borehole; and 
pressurizing an interior region of the second expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the second 

expandable tubular member within the borehole. 

7. An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 
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a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member; and 
a support member coupled to the locking device. 

8. A method for drilling a borehole within a subterranean formation and then radially expanding 
and plastically deforming an expandable tubular member within the drilled borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable mbular member; 

coupling a drilling member to an end of the expandable tubular member; 

drilling the borehole using the drilling member; 

positioning the adjustable expansion mandrel and the expandable tubular nnember within the 
drilled borehole; 

lowering the adjustable expansion mandrel om of the expandable mbuiar member; 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable ttibular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member within the drilled borehole. 

9. A method for forming a mono diameter wellbore casing within a borehole, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 
coupling a drilling member to an end of the first expandable tubular member; 
drilling a first section of the bwehole using the drilling member, 

supporting the firet expandable tubular member and Ae adjustable expansion mandrel within 
the drilled first section of the borehole; 

lowering the adjustable expansion mandi«l out of the first expandable tubular member, 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 
member m times to radially expand and plastically deform m portions of the first 
expandable tubular member within the drilled first section of the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular member, 

coupling the drilling member to an end of the second expandable wbular member, 

drilling a second section of the borehole using the drilling member, 

supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member within the 
second drilled section of the borehole; 

lowering the adjustable expansion mandrel out of the second expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; and 
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displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the drilled second section of the borehole. 

1 0. An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole, 
comprising: 

a float shoe adapted to mate witii an end of the expandable tubular member; 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to die expandable tubular 

member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member; 
a support member coupled to the locking device; and 

a sealing member for sealing engaging the expandable tubular member adapted to 

define a pressure chamber above the adjustable expansion mandrel durmg the 
radial expansion of the expandable tubular member. 

11. A method for drilling a borehole within a subterranean formation and then radially expanding 
and plastically deforming an expandable tubular member withm the drilled borehole, comprising: 
positioning an adjustable expansion mandrel within the expandable tubular member, 
couplmg a drilling member to an end of the expandable tubular member; 
drilling the borehole using the drilling member, 

poshioning the adjustable expansion mandrel and the expandable tubular member within the 
drilled borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing die adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member within the drilled borehole; and 
pressuring an interior portion of the expandable tubular member above the adjustable expansion 

mandrel during the radial expansion and plastic deformation of the expandable tubular 

member within the drilled borehole. 
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12. A method for forming a mono diameter wellbore casing within a borehole, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 
coupling a drilling member to an end of the first expandable tubular member; 
drilling a first section of the borehole using the drilling member; 

supporting die first expandable tubular member and the adjustable expansion mandrel within 

the drilled first section of the borehole; 
lowering the adjustable expansion mandrel out of the first expandable tubular member; 
increasing the outside dimension of the adjustable expansion mandrel; 
displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 
member m times to radially expand and plastically deform m portions of the first 
expandable tubular member within the drilled first section of the borehole; 
pressuring an interior portion of the first expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the first 
expandable tubular member within the first drilled section of the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member, 
coupling the drilling member to an end of the second expandable tubular member; 
drilling a second section of the borehole using the drilling member, 

supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member within the 
second drilled section of the borehole; 
lowering the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the drilled second section of the borehole; and 

pressuring an interior portion of the second expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the second 
expandable tubular member within the drilled second section of the borehole. 

13. An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 
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a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or collapsed 
to a second smaller outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 
tubular member; and 

a support member coupled to the locking device; 

wherein the first larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

14. A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the expandable tubular 

member; 

supporting the expandable tubular member and the first and second adjustable expansion 

mandrels within the borehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular member; 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform a lower portion of the expandable 

tubular member; 

displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically defonn portions of the expandable tubular 

member above the lower portion of the expandable tubular member; 
wherein the outside dimension of the first adjustable expansion mandrel is greater than the 

outside dimension of the second adjustable expansion mandrel. 

15. A method for forming a mono diameter wellbore casing, comprismg: 
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positioning first and second adjustable expansion mandrels within a first expandable tubular 
member; 

supporting the first expandable tubular member and the first and second adjustable expansion 

mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular member; 
increasing tlie outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform a lower portion of the first 

expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the first expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform portions of the first 

expandable tubular member above the lower portion of the expandable tubular 

member, 

positioning first and second adjustable expansion mandrels within a second expandable tubular 
member; 

supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular 
member; 

lowering the first adjustable expansion mandrel out of the second expandable tubular member; 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform a lower portion of the second 

expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the second expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; and 
displacing the second adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform portions of the second 

expandable tubular member above the lower portion of the second expandable tubular 

member; 

wherein the outside dimension of the first adjustable expansion mandrel is greater than the 
outside dimension of die second adjustable expansion mandrel. 
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16. An apparatus for radially expanding and plastically defoming an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member, 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or collapsed 
to a second smaller outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels 
relative to the expandable tubular member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 
tubular member; 

a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular adapted to define a 
pressure chamber above the first and second adjustable expansion mandrels 
during the radial expansion of the expandable tubular member; 

wherein the firet larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

1 7. A method for radially expanding and plastically defoiming an expandable tubular member 

within a borehole, comprising: 

positioning first and second adjustable expansion mandrels witiiin tiie expandable tubular 

member; 

supporting the expandable tubular member and the first and second adjustable expansion 

mandrels within the borehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular member; 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform a lower portion of the expandable 

tubular member; 
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pressurizing an interior region of the expandable tubular member above the first adjustable 

expansion mandrel during the radial expansion of the lower porHon of the expandable 
tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to die expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform portions of the expandable tubular 

member above the lower portion of the expandable tubular member; and 
pressurizing an interior region of the expandable tubular member above the second adjustable 

expansion mandrel during the radial expansion of the portions of the expandable 

tubular member above the lower portion of the expandable tubular member by the 

second adjustable expansion mandrel; 
wherein the outside dimension of the first adjustable expansion mandrel is greater than the 

outside dimension of the second adjustable expansion mandrel. 

A method for forming a mono diameter welibore casing, comprising: 

positioning first and second adjustable expansion mandrels witliin a first expandable tubular 

member; 

supporting the first expandable tubular member and the first and second adjustable expansion 

mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular member, 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the fntrt adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform a lower portion of the first 

expandable tubular member; 
pressurizing an interior region of the first expandable tubular member above die first adjustable 

expansion mandrel during the radial expansion of the lower portion of the first 

expandable tubular member by die first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the first expandable mbular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of die second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radialfy expand and plastically deform portions of the first 
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expandable tubular member above the lower portion of the expandable tubular 
member, 

pressurizing an interior region of the first expandable tubular member above the second 

adjustable expansion mandrel during the radial expansion of the portions of the first 
expandable tubular member above the lower portion of the first expandable tubular 
member by the second adjustable expansion mandrel; 

positioning first and second adjustable expansion mandrels within a second expandable tubular 
member; 

supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular 
member; 

lowering the first adjustable expansion mandrel out of the second expandable tubular member; 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform a lower portion of the second 
expandable tubular member; 
pressurizing an interior region of the second expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion of the lower portion of the 
second expandable tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the second expandable 
tubular member to radially expand and plastically deform portions of the second 
expandable tubular member above the lower portion of the second expandable tubular 
member; and 

pressurizing an interior region of the second expandable tubular member above the second 

adjustable expansion mandrel duringthe radial expansion of the portions of the second 
expandable tubular member above the lower portion of the second expandable tubular 
member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater than the 
outside dimension of the second adjustable expansion mandrel. 



19. 

comprising: 



An apparatus for radially expanding and plastically defonning an expandable tubular member, 
a support member; 
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a locking device coupled to the support member and releasably coupled to the 

expandable tubular member, 
an adjustable expansion mandrel adapted to be controllably expanded to a larger 
outside dimension for radial expansion and plastic deformation of the 
spandable tubular member or collapsed to a smaller outside dimension; and 
I actuator coupled to the locking member and the adjustable expansion mandrel 
adapted to displace the adjustable expansion mandrel upwardly through the 
spandable tubular member to radially expand and plastically deform a portion 
of the expandable tubular member. 

20. The apparatus of claim 1 9, further comprising: 

a gripping assembly coupled to the support member and the actuator for conuollably 
gripping at least one of the expandable tubular member or another tubular 
member. 

21. The apparatus of claim 19, further comprising: 

one or more cup seals coupled to the support member for sealingly engaging the 
expandable tubular member above the adjustable expansion mandrel. 

22. The apparatus of claim 19, further comprising: 

an expansion mandrel coupled to the adjustable expansion mandrel; and 
a float collar assembly coupled to the adjustable expansion mandrel comprising: 
a float valve assembly; and 

a sealing sleeve coupled to the float valve assembly adapted to be radially 
expanded and plastically deformed by the expansion mandrel. 

23. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 

mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member. 

24. The method of claim 23, further comprising: 
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reducing the size of the adjustable expansion mandrel after the portion of the expandable 
tubular member has been radially expanded and plastically deformed. 



The method of claim 24, further comprising: 

fluidicly sealing the radially expanded and plastically deformed end of the expandable tubular 
member after reducing the size of the adjustable expansion mandrel. 

The method of claim 25, further comprising: 

permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator after fluidicly sealing the radially expanded and plastically deformed 
end of the expandable tubular member. 

The method of claim 26, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the expandable tabular 
member and a preexisting structure after permitting the position of the expandable 
tubular member to float relative to the position of the hydraulic actuator. 

The method of claim 26, ftirther comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position of the 
expandable tubular member to float relative to the position of die hydraulic actaator. 

The method of claim 28, further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable tubular member 
to radially expand and plastically deform anotlier portion of the expandable tubular 
member. 

The method of claim 29, fiirtfier cwnprising: 

if the end of the other portion of the expandable tubular member overlaps with a preexisting 
structure, then 

not permitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator, and 

displacing die adjustable expansion cone upwardly relative to the expandable 
tubular member using die hydraulic actuator to radially expand and 
plastically deform the end of die other portion of the expandable 
tubular member that overlaps with the preexisting structure. 
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A method for forming a mono diameter wellbore casing within a borehole that includes a 
preexisting wellbore casing, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 

mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member; and 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member to radially expand and plastically deform the remaining portion of the 
ipandable tubular member and a portion of the preexisting wellbore casing that 
rlaps with an end of the remaining portion of die expandable tubular member. 



exp 
overli 



The method of claim 31, further comprising: 

reducing the size of the adjustable expansion mandrel after the portion of the expandable 
tubular member has been radially expanded and plastically deformed. 

The method of claim 32, further comprising: 

fluidicly sealing the radially expanded and plastically defonned end of the expandable tubular 
member af^er reducing die size of the adjustable expansion mandrel. 

The method of claim 33, further comprising: 

permitting die position of the expandable tubular member to float relative to the position of the 
hydraulic actuator after fluidicly sealing the radially expanded and plastically deformed 
end of the expandable tubular member. 

The method of claim 34, further comprising: 

Injecting a harfenable fluidic sealing material into an amiulus between the expandable tubular 
member and the borehole after permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator. 

The method of claim 34, fiirther comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position of the 
expandable tubular member to float relative to the position of die hydraulic actuator. 

The mediod of claim 36, further comprising: 
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displacing the adjustable expansion cone upwardly relative to the expandable tubular member 
to radially expand and plastically deform the remaining portion of the expandable 
tubular member. 



The method of claim 37, furtlier comprising: 

not permitting the position of the expandable tubular member to float relative to the position of 
the hydraulic actuator; and 

displacing the adjustable expansion cone upwardly relative to the expandable tubular member 
using the hydraulic actuator to radially expand and plastically deform the end of the 
remaining portion of the expandable tubular member that overlaps with the preexisting 
wellbore casing after not permitting the position of the expandable tubular member to 
float relative to the position of the hydraulic actuator. 
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AMENDED CLAIMS 
[received by the International Bureau on 16 July 2004 (16.07.04); 
original claims 1-38 amended, claims 39-204 added] 



Claims 

What IS claimed is: 

1 . An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprisfng: 

a float shoe adapted to mate with an end of the expandable tubular memben 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outside dimension for radial expansion of the 

expandable tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 

a locking device coupled to the actuator adapted to controllably engage the 

e)q7andable tubular member, and 
a sur^ort member coupled to the locking device. 

2. A method for radially expanding and plastically defenrfng an expandable tubular 
member within a borehole, comprising: 

positioning an adjustable expansion mandrel within «ie expandable tubular member, 
supporting the e-cpandabte tubular member and the adjustable expansfon mandrel 
within the borehole; 

lowering the adiustable expansion mandrel out of the expandable tubular member; 
Increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansfon mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of 

the expandable tubular member. 

3. A metiiod for fomiing a mono diameter wellbore casing, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 

supporting the first expandable tubular member and the adjustable e>qDansion 

mandrel vwthin a borehole; 
lowering the adjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the adjustable expansion mandrel; 
AMENDED SHEET (ARTICLE 19) 



wo 20C»3/a42487 



PCT/US2002/036267 



displacing the acQustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically deform m portions 
of the first expandable tubular member within the borehole; 

posiltoning the adjustable expansion mandrel within a second expandable tubular 

memben 

supporting the second expandable tubular member and the adjustable expansion 
mandrel within the borehole in overlapping relation to the first expandable 
tubular member; 

lowering the adjustable eocpanslon mandrel out of the second expandable tubular 
member: 

increasing the outside dimension of the acfiustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the second 

expandabte tubular member n times to radially expand and plastically defonn 
n portions of the second expandable tubular member within the borehole. 

4. An api^ratus for radially expanding and ptestically deforming an ©cpendabis tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member, 

an adjustable expansion mandrel coupled to the float shoe adapted to be controUaWy 

expanded to 3 larger outsid© dimension for radial expansion of the 

expandable tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 

a loddng device coupled to the actuator adapted to controllably engage the 

expandable tubular member; 
a support member coupled to the locking device; and 

a sealing member for sealtngly engaging ttie e}q3dndable tubular member adapted to 
define a pressure chamber above ttie adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

5. A method for radially expanding and plastically defomiing an e^andable tubular 
member within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member, 
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supporting the expandable tubular member and the adjustable expansion mandrel 
within the borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular memben 

increasing the outside dimension of the adjustable expansion mandrel; 

displadng the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of 
the expandable tubular member within the borehole; and 

pressurizing an interior region of the expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic 
defomnation of the expandable tubular member within the borehola 

6. A method for fonming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular 
member; 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within a borehole; 
lowering the adjustable expansion mandrel out of the fli^t expandable tubular 

n^ember, 

increasing the outside dimension of the adjustable expansion mandrel; 

displadng the adjustable expansion mandrel upwanlly relative to the first expandable 
tubular member m times to radially expand and plastically deform m portions 
of the first expandable tubular member within the borehole; 

pressurizing an interior region of the first expandable tubular nnember above the 
adjustable expansion mandrel during the radial expansion and plastic 
defornriatjon of the first expandable tubular member within the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

supporting the second expandable tubular member and the adjustable expansion 
mandrel within the borehole in overlapping relation to the first expandable 
tubular member, 

lovi/ering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable mansion mandrel; 
displadng the adjustable expansion mandrel upwardly relative to the second 
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expandable tubular member n times to radially expand and plastically deform 
n portions of the second expandable tubular member within the borehole; and 
pressurizing an Inferior region of the second expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic 
defbnnafion of the second expandable tubular nwnber within the borehole, 

7. An apparatiK for drilling a borehole within a subten'anean formation and then radially 
expanding and plastically defonning an expandable tubular member within the drilled 
borehole, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 
a drilling member coupled to the float shoe adapted to drill the borehole; 
an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or coltapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the e)cpandable tubular 
member, 

a locking device coupled to the actuator adapted to controllably engage the 

expandable tubular member; and 
a support member coupled to the locking dB\/fce. 

8. A method for drilling a borehole vrithin a subterranean fonriation and then radially 
expanding and plastically defomning an expandable tubular member within the drilled 
borehole, comprising: 

positioning an adjustable expansion mandrel within tine expandable tubular memben 
coupling a drilling member to an end of the expandable tubular member; 
drilling the borehole using the drilling memben 

positioning the adjustable expansion mandrel and the e)q)andable tubular member 

within the drilled borehole; 
lowering the adjustable expansion mandrel out of the expandable tubular memben 
increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of 
the expandable tubular member within the drilled borehole. 
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9. A method for forming a mono diameter welibore casing within d borehole, 
comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular 
member: 

coupling a drilling member to an end of the first expandable tubular memtier; 

drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within the drilled first section of the borehole; 
lowering the adjustable expansion mandrel out of the first expandable tubular 

memben 

increasing the outside dimension of the adjustable expansim miandrel; 

displadng the adjustable expansion mandrel t^>wardly relative to the first expandable 
tubular member m times to radially expand and plastically defonm m portions 
of the first expandable tubular member within the dnlled first section of the 
borehole: 

positioning the adjustable expansion mandrel ^in a second expandable tubular 
memt>er; 

coupling the drilling merrri^er to an end of the second expandable tubular memben 
drilling a second section of the borehole using the drilling member, 
supporting the second e)(pandable tubular member and the adjustable e;cpansion 
mandrel within the borehole In overiapping relation to the first expandable 
tubular member within the second drilled section of the borehole; 
lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n times to radially expand and plastically deform 
n portions of the second expandable tubular member within the drilled second 
section of the borehole. 

10. An apparatus for dniling a borehole within a subterranean formation and then radially 
expanding and plasticafly deforming an expandable tubular member within the drilled 
borehole, comprising: 
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a float Shoe adapted to mate with an end of the expandable tubular member; 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float $hoe adapted to be controllably 

expanded to a larger outside dimension for radial expansion of the 

expandable tubulai" member or cxiilapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the acQustable expansion mandrel relative to the expandable tubular 

member, 

a locking device coupled to the actuator adapted to controDabiy engage the 

expandable tubular memben 
a support member coupled to the locking device; and 

a sealing member for seating engaging the expandable tubular member adapted to 
define a piBssure diamber above the adjustable expansion mandrel dudng 
the radial expansion of the expandable tubular member. 

11. A method for drilling a borehole within a subtenBnean fomiation and then radially 
e)q:»anding and plasticalty defonming an expandable tubular member within the drilled 
borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member, 
coupling a drilling member to an end of the expandable tubular member, 
drilling the borehole using the drilling memben 

pos^ioning the acQustabie expansion mandrel and the expandable tubular member 
within the drilled borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member, 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of 
the expandable tubular member within the drilled borehole; and 

pressuring an interior portion of the expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the 
expandable tubular member within tiie drilled borehole, 

12. A method for fomiing a mono diameter wellbore casing within a borehole, 
comprising: 
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positioning an adjustable expansion mandrel within a first expandable tubular 
member, 

coupling a drilling member to an end of the first expandable tubular member, 

drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within the drilled first section of the borehole; 
lowering the adjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m limes to radially expand and plastically defonn m portions 
of the first e)q3and8ble tubular member within the drilled first section of the 
borehole; 

pressuring an interior porHon of the first expandable iutnilar member above the 
adjustable expansion mandrel during the radial expansion and plastic 
deformation of the first e:q;>andable tubular membariAithin the first drilled 
section of the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling memban 
supporting the second expandable tubular member and the adjusteble ^pansion 
mandrel within the borehole In overiapping relation to the first expandable 
tubular member within the second drilled section of the borehole: 
lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; 
displacing the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n times to radially expand and plastically deforni 

n portions of the second expandable tubular member within the drilled second 

section of the borehde; and 
pressuring an Interior portion of the second expandable tubular member above the 

adjustable expansion mandrel during the radial expansion and plastic 



5SA 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/US20U2/036267 



deformation of the eeoond expandable tubular member within the dniied 
second secHon of the borehole. 



1 3. An apparatus for radially expanding and piastjcaliy deforming an expandable tubular 
member, comprising: 

a float slice adapted to mate with an end of the expandable tubular member; 

a first adjustable expansion mandrel coupled to the float shoe adapted to be 

cxintrollabiy expanded to a first larger outside dimension for radial expansion 
of the exparKlabie tubular member or collapsed to a first smaller outside 
dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansion 
nriandrel adapted to be oontrollably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or 
collapsed to a second smaller outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels adapted 
to controllably displace the firnt and second adjustable expansion mandrels 
relative to the expandable tubular member, 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; and 

a support member coupled to the lodging device; 

v^Aiereln the first larger outside dimension of the firsl adjustable e:cpansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

14. A method for radially expanding and plastically defiomiing an expandable tubular 
member within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the expandable 
tubular member, 

supporting the expandable tubular member and the first and second adjustable 

expansion mandrels within the borehole; 
lowering the first adjustable expansion mandrel out of tiie expandable tubular 

member; 

increasing tiie outside dimension of tiie first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to tiie expandable 
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tubular member to radially expand and plastically deform a lower portion of 

tie expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relative to ttie expandable tubular memben 
decreasing the outside dimension of the first adjustable expansion mandrel and 

increasing the outside dimension of the second adjustable expansion 

mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the 

expandable tubular member to radially expand and plastically deform portions 
of the expandable tubular member above the lower portion of the expandable 
tubular memben 

vifherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outelde dimension of the second adjustable expansion mandrel, 

15. A method for fomiing a mono diameter wellbore casing, comprising: 

positioning first and second adjustable expansion mandrels within a first e?5pandable 
tubular memben 

supporting the first expandable tubular member and the first and second adjustable 

expansion mandrels within a borehole; 
lowering tha first adjustable ejcpansion nnandrel out of the first expandable tubular 

msmber; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first 

expandable tubular member to radially expand and plastically defomi a lower 

portion of the first expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwanlly relative to the first expandable tubular 

member, 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion 
mandrel; 

displadng the second adjustable expansion mandrel upwardly relative to the first 

expandable tubular member to radially expand and plastically deform portions 
of the first expandable tubular member above the lower portion of the 
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e)q)andable tubular memben 
positioning first and second adjustable expansion mandrels within a secxwid 

expandable tubular member, 
supporting the first eocpandatrie tubular member and the first and second adjustable 

expansion mandrels wWifn the borehole in overlapping relation to the first 

expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tubular 

member; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displadng the first adjustable expansbn mandrel upwardly relative to the second 

expandable tubular member to radially expand and plastically deform a lower 

portion of the second expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relath^ to the second expandable tubular 

member: 

decreasing the outside dimension of the fhst adyustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansbn 
mandrel: and 

displacing the second adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially e)q3and and plastically deform portions 
of the second expandable tubular member above the lower portion of th© 
second expandable tubular member; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
flian the outside dimension of the second adjustable expansion mandrel. 

16. An apparatus for radially expanding and plastically defomiing an expandable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllabty expanded to a first larger outside drnension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 

a second acQustable expansion marxlrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
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dimension for radial expansion of the expandable tubular member or 

cxillapsed to a second smaller outside dimension; 
an actuator coupled to the first and second adjustable expansion mandrels adapted 

to contnollably displace the first and second adjustable expansion mandrels 

relative to the expandable tubular member, 
a locking device coupled to the actuator adapted to controOably engage the 

expandable tubular member, 
a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular adapted to define a 
pressure chamber above the first and second adjustable expansion mandrels 
during the rady expansion of the expandable tubular memben 

wherein the first larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

17. A method for radially expanding and plastically defomilng an expendable tubular 
member within a borehole, comprising: 

positioning first and second adjustable e)q>ansion mandrels within the expandable 
tubular member; 

supporting the expandable tubular meml:>er and the first and second acQustable 

expansion mandrels wiiliin the borehole; 
towering the first adjustable expansion mandrel out of the expandable tubular 

member, 

increasing the outside dimension of the first adjustable expansion mandrel; 
displadng the first adjietable expansion mandrel upwardly relative to the expandable 

tubular member to radially expand and plastically deforni a lower portion of 

the expandable tubular member; 
pressurizing an interior regton of the expandable tubular member above the first 

acQustable e)q)ansk)n mandrel during the radial expansion of the lower porliori' 

of the expandable tubular member by the first adjustable expansion mandrel; 
displadng the first adjustable expansion mandrel and the second adjustable 

expansbn mandrel downwardly relative to the expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and 

increasing the outside dimension of the second adjustable expansion 
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mandrel; 

displadng the second adjustable expanston mandrel upwardly relative to the 

expandable tubular member to radially expand and plastically deform portions 
of the expandable tubular member above the lower portion of the expandable 
tubular member, and 

pressurizing an interior r^ion of the expandable tubular member above the second 
adjustable expansion mandrel during the radial expansion of the portions of 
the expandabte tubular member above the lower portion of the expandable 
tubular member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

18. A method for forming a mono diameter wellbore casing, compiising: 

positioning first and second adjustable expansion mandrels within a first expandable 
tubular member; 

supporting the first expandable tubular nriembsr and the first and second adjustable 

expansion mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the first adji^ble expansion mandrel; 
displacing tlie f\m adjusfeble expansion mandi^l upwardly rslative to tha first 

expandable tubular member to radially expand and plastically deforni a lower 

portion of the first expandable lubuiar member; 
pressurizing an Interior region of the first expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion of the lower portion 

of the first expandable tubular member by the first adjustable expansion 

mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular 
member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion 
mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the first 
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expandable tubular member to radially expand and plastically defonn portions 
of the first expandable tubular member above the lower portion of the 
expandable tubular member, 
pressurizing an interior region of the first expandable tubular member above the 
second adjustable expansion mandrel during the radial expansion of the 
portions of the first expandable tubular member above the lower portion of the 
first expandable tubular member by the second adjustable expansion 
mandrel; 

positioning first ar)d second adjustable expansion mandrels within a second 

expandable tubular member; 
supporting the first expandable tubular memtier and the first and seccHid adjustable 

expansion mandrels within the borehole In overlapping relation to the first 

expandable tubular member; 
lowering the first adjustable expansion mandrel out of the second expandable tubular 

member; 

increasing the outside dimension of the firet adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the second 

expandable tubular member to radially expand and plastically deform a lower 

portion of the second expandable tubular member, 
pressurizing an interior rsgion of the second expandable tubular member above the 

first adjustable expansion mandrel during the radial expansion of the lower 

portion of the second expandable tubular member by the first adjustable 

expansion mandrel; 
displacing the first adjustable e)q)ansion mandrel and the second acQustable 

expansion mandrel downwardly relative to the second expandable tubular 

member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion 
mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform portions 
of the second expandable tubular member above the lower portion of the 
second expandable tubular memi:)er; and 

pressurizing an interior region of the second expandable tubular member above the 
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second adjustable expansion mandrel during the radial expansion of the 
porttons of the second expandable tubular member above the lovver portion of 
the second expandable tubular member by the second adjustable expansion 
mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

19. An apparatus for radiaiiy expanding and plastically deforming an expandable tubular 
member, comprising; 

a support member, 

a locking device coupled to the support member and releasably coupled to the 
expandable tubular member; 

an adjustable expansion mandrel adapted to t>e controllably expanded to a larger 
outside dimension for radial expansion and plastic deformation of the 
expandable tubular member or collapsed to a smaller outside dlmen^on; and 

an achjator coupled to ttie locking member and the adjustable expansion mandrel 
adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically defomi a 
portion of the expandable tubular member. 

20- The apparatus of daim 19, further comprising: 

a gripping assembly coupled to the support member and the actuator for 

controllably gripping at least one of the expandable tubular member or 
another tubular member. 

21 . The apparatus of daim 19, further comprising: 

one or more cup seals coupled to the support member for sealingly engaging the 
expandable tubular number atx)ve the adjustable expansion mandrel. 

22. The apparatus of daim 19, further comprising: 

an expansion mandrel coupled to the adjustable expansion mandrel; and 
a float collar assembly coupled to the adjustable expansion mandrel comprising: 
a float valve assembly; and 
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a sealing sleeve coupted to the float valve assembly adapted to be radially 
expanded and piasUcally deformed by the expansion mandrel. 

23. A method for radially expanding and plastically deforming an ^andable tubular 
member v^thin a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable 

expansion mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; and 
displacing the adjustaUe expansion mandrel upwardly relative to the expandable 

tubular member using the hydraulic actuator to radNly expand and plastically 

deform a portion of the expandable tubular member. 

24. The method of daim 23, further comprising: 

reducing the ^ze of the adjustable expansion mandrel after the portion of the 
expandable tubular member has been radially ^panded and plastically 
defbnned. 

25. The method of dafm 24, further comprising: 

fiuididy sealing the radially expanded and plastically deformed end of the expandable 
tubular member after reducing the siZB of tfie acyustable expansion mandrel. 
.« 

26. The mettiod of daim 25, further comprising: 

permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fiiAdidy sealing tiie radially expanded 
and plastically deformed end of the extendable tubular member. 

27. The method of daim 26, further comprising: 

injecting a hardenabte fluidlc sealing material into an annuius between the 

expandable tubular member and a preexisting structure after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

28. The method of daim 26, further comprising: 

increasing the size of the adjustable expansion mandrel after pemnittlng the position 
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Of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

29. The method of dalm 28i further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and plastically deform another portion of the 
expandable tubular member. 

30. The method of dalm 29, further comprising: 

if the end of the other portion of the expandable tubular member overlaps with a 
preexisting structure, then 

not permitting the position of the expandable tubular member to float relative 

to fhB position of the hydraulic actuator, and 
displacing the adjustable expansion cone upwafdiy relative to the expandable 

tubular member using the hydraulic actuator to radially expand and 

plaslkally defomi the end of the other portion of the expandable . 

tubular member that overlaps with the preexisting structure. 

31 . A method for forming a mono diameter wellbore casing within a borehole that 
includes s preexisting wellbore casing, comprising: 

supporting the expandable tubular member, an hydraulic aciuator, and an adjustable 
expansion mandrel within the borehole; 

Increasing the size of the adjustable expansion mandrel; 

dispiadng the adjustable expansion mandrel upwardly relative to the expandable 

tubular member using the hydraulic actuator to radbliy expand and plastically 
defbnn a portion of the expandable tubular member, and 

dispiadng the adjustable expansion mandrel upwardly relative to the expandable 
tubular memtser to radially expand and plastteaOy deform the remaining 
portion of the expandable tubular memt}er and a portion of the preexisting 
wellbore casing that overlaps virith an end of the remaining portion of the 
expandable tubular member. 

32. The method of claim 31 , further comprising: 

reducing the size of the adjustable expansion mandrel after the porUon of the 
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expandable tubular member has been radially expanded and plastically 
deformed. 

33. The method of claim 32. further oomprisfng: 

fluldidy sealing the radially expanded and plastically defomned end of the expandable 
tubular member after reducing the size of the adjustable expansion mandrel. 

34. The method of claim 33, further comprising: 

permitting the positbn of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluldidy sealing the radially expanded 
and plastically deformed end of the expandable tubular member. 

35. The method of daim 34, further comprising: 

injecting a hardenable fluidic sealing material into an annulus betM^een the 

expandable tubular member and the borehole after pemnittlng the position of 
itte expandable tubular member to float relative to the position of the hydraulic 
actuator. 

36. The method of daim 34, further comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position 
of the expandable tubular member to float relative to the position of the 
hydraulic actuator, 

37. The method of claim 36, further comprising: 

displadng the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and ptesQcaHy defonn the remaining portion of the 
expandable tubular member. 

38. The method of claim 37, further comprising: 

not pennitting the position of the expandable tubular member to float relative to the 
position of the hydraulic actuator, and 

displadng the adjustable expansion cone upwardly relafive to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform 
the end of the remaining portion of the expandable tubular memt>er that 
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overlaps with the preexisting wellbore casing after not penmitOng the position 
of Vt\B ^andable tubular member to float relative to the position of the 
hydraulic actuator. 

39. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprtsing; 

a support member^ 

an expansion device for radially expanding and plastically defomiing the tubular 

member coupled to the support member; and 
en actuator coupled to the support member for displacing the e}qDansion device 

relative to the support member. 

40. The apparatus of dalm 3d, further compnsing: 

a gripping device for gripping the tubular member coupted to the support member. 

41 . The apparatus of claim 40, w!herein the gripping device comprises a plurality of 
movable gripping elements. 

42. The apparatus of claim 41 , wherein the gripping elements are moveable in a radial 
direction relative to the support member. 

43. The apparatus of claim 39, further comprising: 

a sealing device for sealing an interface with the tubular member coupted to the support 
member. 

44. The apparatus of dalm 43, wherein the sealing device seals an annulus defines 
between the support member and the tubular member. 

45 . The apparatus of daim 39, further comprising: 

a locking device for locking the position of the tubular member relative to the support 
member. 

46. The apparatus of claim 45, wherein the locking device comprises: 

a pressure sensor for controliably unlocking the locking device from engagement with the 
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tubular member when the operating pressure within the apparatus exceeds a 
predetermined amount. 

47. The apparatus of claim 45, wherein the locking device comprises: 

a position sensor for controllably unlocking the locking device from engagement with the 

tubular member when the position of the actuator exceeds a predetermined amount. 

48. The apparatus of claim 39, wherein the expansion device comprises: 
a support member: and 

a plurality of movable expansion elements coupled to the support member, 

49. The apparatus of daim 48, further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first posifion and a second position: 
wherein in the first position, the expansion elements do not engage the tubular 

member; and 

wherein in the second position, the expansion elements engage the tubular member. 

50. The apparatus of claim 49, wherein the expansion elements comprise: 
a first set of expansbn elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are interteaved v/ith the second set of 
expansion elements. 

61 . The apparatus of claim 50, wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

62. The apparatus of claim 50. wherein in the second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements, 

53. The apparatus of daim 39, wherein the expansion device comprises an adjustable 
expansbn device. 

54. The apparatus of daim 39, wherein the expansion device comprises a plurality of 
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expansion devices. 

55. The apparatus of daim 54, wherein at least one of the expansion devices comprises 
an adjustable expansion device. 

56. The apparatus of daim 55, wherein the adjustable expansion device comprises: 
a support member; and 

a plurality of movable expansion elements coupled to the support member. 

57. The apparatus of daim 56, further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein in the first position, the expansion elements do not engage the tubular 

memt>er; and 

wherein in the second position, the expansion elements engage the tubular member. 

56. The apparatus of daim 57, wherein the expansion elements comprise: 
a first set of expansion elements; and 
a second set of expansion elements; 

vi'herein the first set of e:5(panslon elements are interleaved with the second set of 
expansion elements. 

59. The apparatus of claim 58, wher^n in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

60. The apparatus of daim 58, wherein in the second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

61 . An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support member; 

an expansion device for radially expanding and plastically deforming the tubular 

member coupled to the support member; and 
a sealing assembly for sealing an annulus defined between the support member and 
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trie tubular member. 

62. The apparatus of daim 61 , further comprising: 

a gripping device for gripping the tubular member coupled to the support member. 

63. The apparatus of dalm 62, wherein the gripping device comprises a pluraltty of 
movable gripping elements. 

64. The apparatus of claim 63, wherein the gripping elements are moveable in a radial 
direction relative to the support member. 

65. The apparatus of daim 61 , further comprising: 

a loddng device for locidng the position of the tubular member relative to the support 
member. 

66. The apparsius of deim 65, wherein the lodging device oomprises: 

a pressure sensor for controllably unlodcing the locking device from engagement with the 
tubular member when the operating pressure within ttie apparatus exceeds a 
predetermined amount. 

67. The epparatus of daim 6S. vtfherein the tocking device comprises: 

a position sensor for controllably unlocking the lodging device from engagement with the 
tubular member when the position of a portion of the apparatus exceeds a predetennined 
amount 

68. The apparatus of claim 61 , further comprising: 

an actuator for displadng the expansion device relative to the support member 

eg. The apparatus of claim 68, wherein the actuator comprises means for transferring 
torsional loads between the support member and the expansion device. 

70. The apparatus of daim 68. wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 
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71 . The apparatus of claim 61 , when^n the expansion device comprises: 
a support member, and 

a plurality of movable expansion elennents coupled to the support member. 

72. The apparatus of dalm 71 , further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein in the first position, the expansion elements do not engage the tubular 

member, and 

wherein in the second position, the expansion elements engage the tubular member. 

73. The apparatus of claim 72, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are interieaved with the second set of 
expansion elements. 

74. The apparatus of daim 73, wherein In the first position, the first set of expansion 
element are not axialiy aligned with the second set of expansion elements. 

75. The apparatus of claim 73, wherein In the second posidon, the first set oi ©ipansion 
elements are axialiy aligned with the second set of expansion elements. 

76. The apparatus of dalm 61 , wherein the expansion device comprises an adjustable 
expansion device. 

77. Tfie apparatus of claim 61, wherein the expansion de>^oe apprises a plurality of 
expansion devices. 

78. The apparatus of claim 77, wherein at least one of the expartsion devices comprises 
an adjustable expansion device. 

79. The apparatus of claim 78, wherein the adjustable expansion device comprises: 
a support member, and 
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a plurality of movable expansion elements coupled to the support member. 

60. The apparatus of daim 79, further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein in the first position, the expansion elements do not engage the tubular 

memlDen and 

wherein {n the second position, the expansion elements engage the tubular member. 

81 • The apparatus of dalm 80, wherein the expansion elements comprise: 
a first set of expansion elements; and 
a second set of expansion elements; 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements. 

82. The apparatus of claim 81 . wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

83. The apparatus of claim 81 , whefBin in the second position, the first set of expansion 
elements are a'dalfy aligned with the second set of ©qjanslon elements. 

84. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support member; 

a first expansbn device for radially expanding and plastically defonming the tubular 

member coupled to the support member, and 
a second expansion device for radially expanding and plastically defonning the 

tubular member coupled to the support member. 

85. The apparatus of claim 84, further comprising: 

a gripping device for gripping the tubular member coupled to the support member. 

86. The apparatus of claim 85, wherein the gripping device comprises a plurality of 
movable gripping elements. 
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87. The apparatus of dalm 86, wherein the gripping elements are moveable In a radial 
direction relative to the support member. 

88. The apparatus of daim 84, further comprising: 

a sealing device far sealing an interface with the tubular memt>er coupled to the support 
member. 

89. The apparatus of dalm 88, wherein the sealing de>rice seals an annulus defines 
between the support member and ttie tubular member. 

90. The apparatus of dalm 84, further comprising: 

a loddng device for locking the position of the tubular member relative to the support 
member. 

91 . The apparatus of daim 90, wherein the locking device comprises: 

a pressure sensor for controllebly unlocking the locking device firom engagement with the 
tubular member when the operating pressure within the apparatus exceeds a 
predetermined amount. 

92. The apparatus of dalm 90, wherein the ioddng device comprises: 

a position sensor for controllably unlocking the locking device from engagement with the 
tubular member when the position of a portion of the apparatus exceeds a predetermined 
amount 

93. The apparatus of daim 84, further comprising: 

an actuator for displadng the expansion device relative to the support member 

94. The apparatus of daim 93, wherein the aduator oomprises means for transferring 
torsional loads between the support member and the expansion device. 

95. The apparatus of claim 93, wherein tlie actuator comprises a plurality of pistons 
positioned within corresponding pi$ton chambers. 
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96. The apparatus of daim 84, wherein at least one of the first second expansion devices 
compilset 

a support member; and 

a plurality of movable expansion elements coupled to the support member 

97. The apparatus of daim 96, ftjrther comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first po^on and a second position; 
wherein In the first positton, the expansion elements do not engage the tubular 

member, and 

wherein In the second position, the expansion elements engage the tubular member- 

98. The apparatus of daim 97» wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements. 

99. The apparatus of daim 98, wherein in the first position, the first set of expansion 
elements are not adally aligned with the second set of expansion elements. 

100. The apparatus of daim 98, wherein in the second position, the first set of expansion 
elements are axialiy aligned with the second set of expansion elements. 

1 01 . The apparatus of daim 84, wherein at least one of the first and second expansion 
devices comprise a plurality of e)^nslon devices. 

1 02. The apparatus of claim 101 , v\rtierein at least one of the first and second expansion 
device comprise an adjustable expansion device. 

103. The apparatus of daim 102, wherein the adjustable expansion device comprises: 
a support member, and 

a plurality of movable expansion elements coupled to the support member. 
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104. The apparatus of daim 103, further comprising: 

an actuator coupled to the support member for moving the expansion elements 

bebAreen a first positton and a second position; 
whersin in the first postHon, the expansion elements do not engage the tubular 

memben and 

wherein in the second position, the expansion elements engage the tubular member. 

105. The apparatus of claim 104, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements am interleaved with the second set of 
expansion elements. 

1 06. The apparatus of dalm 105, wherein In the first position, the first set of expansion 
elements are not axfally aligned with the second set of expansion elements. 

1 07. The apparatus of dalm 105, wherein In fte second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

1 08. An apparatus for radially expanding and plastlcaBy defbnntng an ex^dable tubular 
member, comprising: 

a support member; 

a gripping device for gripping tfie tubular member coupled to the support member; 
a sealing device for sealing an Irrterface with the tubular member coupled to the 
support member; 

a loddng device for loddng the position of the tubular member relattve to the support 
member; 

a first adjustable expansion device tor radially expanding and plastically defcxming 

the tubular member coupled to the support member; 
a second adjustable expansion device for radially expanding and plastically 

deforming the tubular member coupled to the support member; 
a pacl<er coupled to the support member; and 

an actuator for displacing one or more of the sealing assembly, first and second 
adjustable expansion devices, and packer relative to the support member. 
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109. The apparatus of dafm 108, wherein the locking device comprises: 

a pressure sensor for oontroHably unlocking the locking de^rtce from engagement with the 
tubular nnember when the operating pressure within the apparatus exceeds a 
predetermined amount 

1 1 0. The apparatus of claim 108, wherein the locking device comprises: 

a position sensor for controllably unlocking the locking device from engagement with the 
tubular member virtien the position of a portion of the apparatus exceeds a predetermined 
amount. 

111. The apparatus of claim 108, wherein the gripping device comprises a plurality of 
movable gripping elements. 

1 1 2. The apparatus of dalm 111, wherein the gripping elements are moveable in a redial 
direction relative to the support member. 

1 1 3. The apparatus of dalm 1 08, wherein the sealing device seals an annulus defines 
between the support member and the tubular member. 

1 14. The apparatus of claim 1 08. wherein the actuator comprises msans for transferring 
torsional toads between the support memtjer and the expansion devtee, 

1 1 5. The apparatus of daim 108, wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 

116. The apparatus of dalm 108, wherein at least one of the adjustable expansion devices 
comprise: 

a support member, and 

a plurality of movable expansion elements coupled to the support member. 

117. The apparatus of daim 116. further comprising; 

an actuator coupled to the support member for moving the expansion elements 
between a first position and a second position; 
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wher^n in the first position, the expansion elements do not engage the tubular 
nr&emben and 

wherein in the second position, the expansion elements engage the tubular member. 

118. The apparatus of claim 117, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements. 

119. The apparatus of daim 1 1 8, wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

1 20. The apparatus of daim 118, wherein in the second position, the first set of expansion 
elements are axially aligned with the second set of expanston elements. 

121 The apparatus of daim 108, wherein at least one of the adjustable expansion devices 
comprise a plurality of expansion devices. 

122. The apparatus of claim 121 , v/herein at least one of the adjustable expansion devices 
comprise; 

a support memben and 

a plurality of movable expansion elements coupled to the support member. 

123. The apparatus of daim 122. further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein In the first position, the expansion elements do not engage the tubular 

member; and 

wherein in the second position, the expansion elements engage the tubular member. 

124. The apparatus of daim 123, vWienein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 
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wherein the first set of expansion elements are interleaved with the second set of 
expansion elements. 

1 25. The apparatus of dam 1 24, wherein In the first position, the first set of expansion 
elements are not axially aligned with the second set of ^cpansion elements. 

126. The apparatus of daim 124, wherein in the second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

127. An actuator, comprising; 
a tubular housing; 

a tubular piston rod movabiy coupled to and at least partjally positioned within the housing; 
a plurality of annular piston diambers defined by the tubular housing and the tubular pteton 
n:>d; and 

a piuralify of tubular pistons coupled to the tubular piston rod, each tubular piston movabiy 
positioned within a corresponding annular piston diamber. 

1 28. The actuator of claim 1 27, further comprising means for transmitting torsional loads 
between the tubular housing and the tubular piston rod. ^ 

I 

129. A method of radially expanding and plastically deibrming an expandable tubular 
memt>er within a borehole having a preexisting wellbore casing, comprising: 

positioning the tubular member within the borehole in overlapping relation to the 
wellbore casing; 

radially expanding and plastically deforming a portion of the tubular member to form 
a bell section; and 

radially expanding and plastically deforming a portion of the tubular member above 
the bell section comprising a portion of the tubular member that overiaps with 
the wellbore casing; 

wherein the Inside diameter of the bell section is greater than the inside diameter of 
the radially expanded and plastically deformed portion of the tubular member 
above the bell section. 

130. The method of daim 12g, wherein radially expanding and plastically deforming a 
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portion of the tubular monber to form a bell section comprises: 

positioning an adjustable escpanslon device within the dependable tubular member, 
supporting the expandable tubular memt>er and the adjustable expansion device 
within the borehole; 

lowering the adjustable expansk»i device out of the expandable tubular member; 
increasing the outside dimension of the adjustable expansion device; and 
displacing the adjustable expansion device upwardly relative to the e)q}andable 

tubular member n times to radially expand and plastically deform n portions of 
the expandable tubular member, wherein n is greater than or equal to 1. 

1 31 . A method for radially expanding and plastically defomiing an expandable tubular 
member within a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable 

expansion device within the borehole; 
increasing the size of the adjustable expansion device; and 
displacing the adjustable expansion device upv/ardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plasticdlly 

defonn a portion of the exi^andable tubular member. 

1 32. The method of daim 1 31 . further comprising: 

r^udng the sizs of the adjustable expansion device aft<sr die portion of tiie 

expandable tubular member has been radially expanded and plastically 
deformed. 

133. The metix)d of claim 132, furtfier comprising: 

fluididy sealing the radially expanded and plastically defbnned end of tiie expandable 
tubular member after redudng the size of the adjustable expansion device. 

1 34. The method of claim 1 33, further comprising: 

pemiilKng the position of tiie expandable tubular member to float relative to the 

position of tiie hydraulic actuator after fluididy sealing the radially expanded 
and plastically deformed end of ttie expandable tubular member. 
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1 35. The method of daim 134. further comprising: 

Injecting a hardenable fluidic sealing material Into an annulus between the 

expandable tubular member and a preexisting stmcture after perniftHng the 
position of the expandable tubular member to float relative to the posfHon of 
the hydraulic actuator. 



1 36. The method of claim 1 34, further comprising: 

Increasing the sbe of the adjustable expansion device after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator 



1 37. The method of daim 1 36, further comprising; 

displacing the adjustable expansion cone upwardly nslative to the expandable tubular 
member to radially expand and plastically defonm another portion of the 
expandable tubular member. 



1 36. The method of claim 1 37, Hirther comprising: 

if the end of the other portion of ttie expandable tubular member overlaps with 
a preexisting structure, then 

not permitting the posHfon of the expandable tubular member to float 

relative to the position of the hydraulic actuator, and 
displacing ihe adjustable expansion cone upwardly relative to the 
expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform the end of the other 
portion of the expandable tubular member that overlaps with 
the preexisting structure. 



1 39. A method for forming a mono diameter wellbore casing within a borehole that 
includes a preexisting wellbore casing, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable 

expansion device \Arithin the borehole; 
Increasing the size of the adjustable expansion device; 
displacing the adjustable expansion device upwardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plastically 
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deform a portion of the expandable tubular member, and 
displacing the adjustable expansion d&Ace upwardly relative to the expandable 
tubular member to radially expand and plastically defbmi the remaining 
portion of the expandable tubular member and a portion of the preexisting 
weBbore casing that overlaps with an end of the remaining portion of the 
expandable tubular member. 

1 40. The method of daim 1 39, further comprising: 

reducing the size of the adjustable expansion device after the portion of the 

expandable tubular member has been radially expanded and plastically 
deformed, 

1 41 . The method of dalm 140, further comprising: 

flutdldy sealing Ihe radially expanded and plastically deformed end of the expandable 
tubular member after redudng the size of ttie adjustable expansion device. 

142. The method of dalm 141 , further comprising: 

permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluidldy sealing the radially expanded 
and plastically defomied end of the expandable tubular member. 

1 43. The method of claim 1 42, further comprising: 

injecting a hardenable fluldic sealing material into an annulus between the 

expandable tubular member and the borehole after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 

144. The method of claim 142, further comprising: 

Increasing the size of the adjustable expansion device after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 
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145. The method of dajm 144, further cxsmprising: 

displacing the adjustabie expansion cone upwardly relativo to the expandable tubular 
member to radially expand and plastically deforni the remaining portion of the 
expandable tubular member. 



146. The method of claim 145, further comprising: 

not permitting the position of the expandable tubular member to float relative to the 
position of the hydraulic actuator; and 

displadng the adjustable expansion cone upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform 
the end of the remaining portion of the expandable tubular member that 
overiaps with the preexisting weilbore casing after not permitting tine positfon 
of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 



1 47. A method of radially expanding and plastically deforming a tubular member, 
comprising: 

positioning the tubular member within a preexisting structure; 

radially expanding and plastically deforming a lower portion of the tubular member to 

fonn a bell section; and 
radially expanding arid plastically deforming a portion of the tubular member above 

the bell section, 

148. The method of daim 147, wherein positioning the tubular member within a 
preexisting structure comprises: 

locking the tubular member to an expansion device. 

149. The method of daim 148, wherein positioning the tubular member within a 
preexisting structure comprises: 

unlocking the tubular member from an expansion device if the operating pressure 
within the preexisting structure exceeds a predetermined amount. 

1 50. The method of daim 148, wherein positioning the tubular member within a 
preexisting structure comprises: 
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unlocking the tubular member from an expansion device if the position of an actuator 
coupled to the tubular member exceeds a predetermined amount. 

151 . The method of daim 147, wherein radially expanding and plastically deforming a 

lower portion of the tubular member to form a bell section comprises: 

lowering an expansion device out of an end of the tubular member; and 
pulling the expansion device through the end of the tubular member. 

1 6Z The method of dalm 151 , wherein lowering an expansion device out of an end of the 
tubular member comprises: 

lowering the expansion device out of the end of the tubular memben and 

adjusting the size of the expansbn device. 

1 53. The method of daim 152, wherein the expansion device is adjustable to a pluralify of 
sizes. 

1 54. The method of daim 152, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

1 55. The method of dalm 1 54, wherein at least one of the adjustable expansion devices is 
acQustable to a plurality' oFsiz:es. 

156. The method of daim 151, wherein pulling the expansion device through the end of 
the tubular member comprises: 

gripping the tubular member, and 

pulling an expansion device through an end of the tubular member. 

1 57. The method of daim 1 56. wherein gripping the tubular member comprises: 
permitting axial displacement of the tubular member in a first direction; and 
not permitting axial displacement of the tubular member in a second direction. 

158. The method of daim 156, wherein pulling the expansion device through the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using an 
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actuator. 

1 59. The method of claim 142» wherein radially expanding and plastically defbmnlng a 
portion of the tubular member above the bell section comprises: 

lowering an expansbn device out of an end of the tubular member; and 
pulling the mansion device thrtnigh the end of the tubular member. 

1 60. The method of daim 1 59, wherein lowering an expansion device out of an end of the 
tubular member comprises: 

lowering the expansion device out of the end of the tubular member, and 
adjusting the size of the expansion device, 

1 61 . The method of daim 1 60, wherein the expansion device Is adjustable to a piuraiity of 
sizes. 

162. Tha method of claim 160, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

1 63. The method of daim 1 62, wherein at least one of the adjustable expansion devices Is 
adjustable to a plurality of sizes. 

164. The method of claim 159, wherein pulling the expansion device through the end of 
the tubular member comprises; 

gripping the tubular member; and 

puDIng an expansion device through an end of the tubular member. 

1 65. The method of claim 164, wherein gripping the tubular meml>er comprises: 
pemiitting axial displacement of the tubular memt>er in a first direction; and 
not pennitting axial displacement of the tubular member in a second direction. 

1 66. The method of daim 1 64, wherein pulling the expansion device thmugh the end of 
the tubular mender comprises: 

pulling the expansion device through the end of the tubular nr^ember using an 
actuator. 
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167. The method of dalm 159, wherein pulling the expansion device through the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using fluid 
pressure. 

1 68. The method of claim 167, wherein pulling the expansion device through the end of 
the tubular member using fluid pressure comprises: 

pressurizing an annulus within the tubular member above the ^panslon device. 

169. The method of daim 147, wherein radially expanding and plastically deforming a 
portion of the tubular member above the beU section comprises; 

fluididy sealing an end of the tubular nrtembar; and 
pulling the expansion device through the tubular member. 

1 70. The msthod of dalm 1 69, wherein the expansion device is adjustable. 

171 . The method of daim 170, wherein the expansion device is adjustable to a plurality of 
sizes. 

172. The method c*f daim 189. wherein tlis ejcpansion deHc© compm^s. ci plurali^/ of 
adjustable expension devices. 

173. The method of dalm 172, wherein at least on© of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

174. The method of dalm 169, wherein pulling the »panslon device through the end of 
the tubular member comprises; 

gripping the tubular member; and 

pulling an expansion device thnDugh an end of the tubular member. 

175. The method of dalm 174, wherein pulling the expansion device through the end of 
the tubular member comprises: 

pulling the expansion device through the end of tiie tubular member using an 
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actuator. 

176. The method of claim 169, wherein pulling the expansion device through the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using fluid 
pressure. 

177. The method of dalm 178. wherein pulling the expansion device through the end of 
the tubular member using fluid pressure comprises: 

pressurizing an annulus wrtthln the tubular member above the expansion device. 

178. The method of daim 147, wherein radially expanding and plastlcaity deforming a 
portton of the tubular member above the bell section comiiMlses: 

overlapping the portion of the tubular member above the bell section with an end of a 

preexisting tubular member; and 
pulling an expension device ttirough the overiapping portions of the tubular member 
and the preexisting tubular member. 

179. The method of daim 178, wherein the expansion device is adjustable. 

180. The method or daim 179, wherein ihs e);pansion device i$ adjustabte to a plurality of 
sizes. 

181. The method of daim 1 78, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

1 82. The method of daim 1 81 , wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

1 83. The method of daim 1 78, wherein pulling the expansion device through the 
overlapping portions of the tubular member and the preexisting tubular member comprises: 

gripping the tubular member; and 

pulling the expansion device through the overlapping portions of the tubular member 
and the preexisting tubular member. 
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1 84. The method of claim 1 83, wherein pulling the expansion device through the 
overiapping porttore of ttie tubular member and the preexisting tubular member comprises: 

pulling the expansion device through the overlapping portions of the tubular member 
and the preexisting tubular member using an actuator. 

1 85. The method of daim 1 78, wherein pulling the expansion device through the 
overlapping porflons of the tubular member and the preexisting tubular member comprises: 

pulling the expansion device through the overiapping portions of the tubular member 
and the preexisting tubular member using fluid pressure. 

1 86. The method of daim 1 85, wherein pullmg the expansion device through the 
overiapping portions of the tubular men*er and the preexisting tubular member using fluid 
pressure comprises: 

pressurizing an annulus within the tubular member above the expansion device. 

1 87. The method of claim 1 47, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
expandable tubular member and the preexisting structure. 

1 88. A method of Injecting a hardenable fluidic sealing material into an annulus between a 
tubular member and a preexisting structure, comprising: 

positioning the tubular memljer Into the preexisting structure; 
sealing oif an end of the tubular memtien 
operating a valve within the end of the tubular memben and 
Injec^ng a hardenable fluidic sealing material through the valve Into the annulus 
between the tubular member and the proe)dsflng structure. 

1 89. A method of engaging a tubular member, comprising: 
positioning a pluralrty of elements within the tubular member; and 
bringing the elements into engagement with the tubular member. 

1 90. The method of claim 1 89. wherein the elements comprise: 
a first group of elements; and 
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a second group of elements; 

wherein the first group of elements are Interieaved with the second group of 
elements. 

191. The method of claim 189, wherein bringing the elements into engagement with the 
tubular member comprises: 

bringing the elements into axial alignment 

192. The method of claim 189, wherein bringing the elements into engagement with the 
tubular member further comprises: 

pivoting the elements. 

193. The method of daim 189, wherein bringing the elements into engagement with the 
tubular member further comprises: 

translating the elements. 

1 94. The method of dalm 189, wherein bringing the elements Into engagement with the 
tubular member further comprises: 

pivoting the elements: and 
translating the elements. 

195. The method of claim 189, wherein bringing ihe elements into engagement with the 
tubular member comprises: 

rotating the elements about a common axis. 

196. The method of dalm 189, wherein bringing the elements into engagement with the 
tubular member comprises; 

pivoting the elements about corresponding axes; 

translating the elements; and 

rotating the elements about a common axis. 

197. The method of dalm 189, further comprising: 

preventing the elements from coming Into engagement with the tubular member if the 
Inside diameter of the tubular member is less than a predetermined value. 
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1 98. The method of claim 1 97, wherein preventing the elements from coming into 
engagement with the tubular member if the inside diameter of the tubular member Is less 
than a predetermined value comprises: 

sensing the inside diameter of the tubular member. 

1 99. A locking device for lodging a tubular member to a support member, comprising: 
a radially movable lodging device coupled to the support member for engaging an interior 

surface of Ihe tubular member. 

200. The device of claim 1 99, further comprising: 

a pressure sensor for controllably unlocking the toddng device from engagement with the 
tubular member when an operating pressure exceeds a predetermined amount 

201 . The device of daim 1 99. further comprising: 

a position sensor for controllably unlocking the locking de>rics frwi engagement with the 
tubular memt>er when a position exceeds a predetermined ariKDunt 

202. A method of locking a tubular member to a support member, comprising: 
lodging a lodcing elsment in a position \hai engages an interior suriace of tfie tubular 

member. 

203. The method of claim 202, further comprising: 

controllably unlocking the tocking element from engagement with the tubular member when 
an (grating pressure exceeds a predetermined amount 

204. The method of daim 202, further comprising: 

controllably unlocking the locking element from engagement with the tubular member when 
a position exceeds a predetenpined amount 

205. A system for radially expanding and plastically defbnning an expandable tubular 
member within a borehole, comprising: 

means for positioning an adjustable expansion mandrel wiQiin the expandable tubular 
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member; 

means for supporting the expandable tubular member and the adjustable expansion 

mandrel within the borehole; 
means tbr lowering the adjust^le expansion mandrel out of the expandable tubular 

member; 

means for increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displacing the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plasUcaliy deform 
n portions of the ©xpandabfe tubular member. 

206. A system for forming a mono diameter wellbore casing, comprising: 
positioning an adjustable expansfon mandrel within a first expandable tubular memben 
means for supporting the first expandable tubular member and the adjustable 

6}^ansion mandrel within a borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 
tubular member; 

means for Increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable mansion mandrel upwardly relat^e to the first 
s:^>andabte tubular member m times to radially e?q3®nd and plasticaliy deform 
m portions of the firct expandable tubular member within the borehole; 

means for positioning the adjustable expansion mandrel within a second expandable 
tubular member, 

means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first 
expandable tubular member; 

means for lowering the adjustable expansion mandrel out of the second expandable 
tubular member; 

means for increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displacing ttie adjustable expansfon mandrel upwardly nsiatlve to the 

second expandable tubular member n times to radially expand and plastically 
deform n portions of the second expandable tubular rnember within the 
borehole. 
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207. A system for radially expanding and plastically defonmlng an expandable tubular 
mentber within a borehole, comprising: 

means for positioning an adjustable expansion n^ndrei wfthln the expandable tubular 
memben 

means for supporting the expandable tubular member and the adjustable expansion 

mandrel within the borehole: 
means for lowering the adjustable expansion mandrel out of the expandable tubular 

member; 

means for Increasing the outside dimension of the acQustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plastically deform 
n portions of the expandable tubular member within the borehole; and 

means for pressurizing an interior region of the expandable tubular member above 
the adjustable expansion mandrel during the radial expansion and plastic 
defonnation of the expandable tubular member witltin the borehole. 

208. A system for fomning a mono diameter wellbore casing, comprising: 

n>eans for positioning an adjustable expansion mandrel within a first expandable 
tubular memben 

means for supporting the first expandable tubular memtier and the adjustable 

expansion mandrel within ^ borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 

tubular member, 

means for increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwanlly relative to the first 
expandable tubular member m times to radially expand and plastically defomn 
m portions of the first expandable tubular member within the borehole; 

means for pressurizing an interior region of die first expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic defomiafion of the first expandable tubular member within the 
borehole; 

means for positioning the adjustable expansion mandrel within a second expandable 
tubular member, 
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means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first 
expandable tubular member, 

means for lowering the adjustable expansion mandrel out of the second expandable 
tubular member, 

means for increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the acQustable expansion mandrel upv/ardfy relative to the 

second expandable tubular member n times to radially expand and plastically 
deform n portions of the second expandable tubular member v^^in the 

borehole; and 

means for pressurizing an interior region of the second expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the second expandable tubular member within the 
borehole. 

209. A system for drilling a borehole vtnthin a subtenranean formation and tlien radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole, comprising: 

mear\s fbr positioning an adjustable expansion mandrel within the expandable tubular 
member; 

means for coupling a drilling member to an end of the exp»andable tubular member; 
means for drilling the borehole using the drilling member; 

means for positioning the adjustable expansion mandrel and the e^q^andable tubular 

member within the drilled borehole; 
means for lowering the adjustable expansion mandrel out of the expandable tubular 

member; 

means fbr Increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displacing the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plastically deform 
n portions of the expandable tubular member within the drilled borehole. 

210. A system for fomning a mono diameter wellbore casing within a borehole, comprising: 
means for positioning an adjustable expansion mandrel within a first expandable 
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tubular member, 

means for coupling a drilling member to an end of the first expandable tubular 
member, 

means fbr drilling a first secUon of the txtfehole using the drilling member, 
means for supporting the first expandable tubular member and the adjustable 

expansion nrtandrel within the drilled first section of the borehole; 
means for lowering the adjustable e)q3ansion mandrel out of the first expandable 

tubular member 

means for Increasing the outside dimension of the adjustable expansion mandrel; 
means for displacing ihe adjustable expansion mandrel upwardly relative to the first 

expandable tubular member m times to radially expand and plastically deform 

m portions of the first expandable tubular member within the drilled first 

section of the borehole; 
means for positioning the adjustable expansion mandrel within a second expandable 

tubular member; 

means for coupling the drilling member to an end of the second e^andatrfe tubular 
mennber; 

means for drilling a second section of the borehole using the drilling member, 
means for supporting the second ^cpandable tubular member and the adjustable 
e?cpansion mandrBl wrthin the bOTBhole In overiapping relation to the first 
©jcpandable tubular memfc)er wiihin the second drilled section of the borehols; 
means for lowering the adjustable expansion mandrel out of the second expandable 
tubular member, 

means for Increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displadng the adjustable expansion mandrel upwardly relative to the 

second expandable tubular member n times to radially expand and plastically 
deform n portions of the second expandable tubular nnember within the drilled 
second section of the borehole. 

21 1 . A system for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole, comprising: 

means for positioning an adjustable expansion mandrel within the expandable tubular 
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memben 

means for coupling a drilling member to an end C3f the e^qiandable tubular member, 

moans for diilling the borehole using the drilling member, 

means for posWoning the adjustable expansion mandrel and the expandable tubular 

member within the drilled borehole; 
means for lowering the adjustable expansion mandrel out of the expandable tubular 

member, 

means for increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plastically deform 
n portions of the expandable tubular member within the drilled borehole; and 

means for pressuring an Interior portion of the expandable tubular member above the 
adiustable expansion triandrel during the radial expansion and plastic 
deformation of the expandable tubular member within the drilled borehole. 

212. A system for forming a mono diameter wellbore casing within a borehole, comprising: 
means for positionir^ an adjustable expansion mandrel vrithln a tfrst expandable 
tubular number; 

means for coupling a drilling member to an end of the first expandable tubular 

msmben 

means for drilling a first section of the borehole using the drilling member 
means for supporting the first expandable tubular member and ths adjustable 

expansion mandrel within the drilled first section of the borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 

tubular memben 

means for increasing the outside dimension of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly reiathre to the first 
expandable tubular member m times to radially expand and plastically defomi 
m portions of the first expandable tubular member within the drilled first 
section of the borehole; 

means for pressuring an interior portion of the first expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the first expandable tubular member within the first 
drilled section of the borehole; 
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means for positioning the adjustable expansion mandrel >Arithin a second expandable 
tubutar menriber; 

means for coupling the drIiUng member to an end of the second expandable tubular 
member, 

means for drilling a second section of the borehole using the drilling member; 

means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first 
expandable tubular member within the seoond drilled section of the borehole; 

means for lowering the adjustable expansion mandrel out of the second expandable 
tubular member; 

means for Increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwardly nslative to the 

second expandable tubular member n times to radially expand and plastically 
defonn n portions of the second expandable tubular member within the drilled 
second seciion of the borehole; and 

means for pressuring an interior portion of the second expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic defornr^tion of the second expandable tubular member within the 
dniled second section of the borehole. 



21 3. A system for radially expanding and plastically defonming an expandable tubular 
member within a borehole, comprising: 

means for positioning first and second adjustable expansion mandrels within the 

expandable tubular member, 
means for supporting the expandable tubular member and the first and second 

adjustable expansion mandrels vw'thin the borehole; 
means for lowering the first adjustable expansion mandrel out of the expandable 
tubular member, 

means for increasing the outside dimension of the first adjustable expansion 
mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically defomi a lower 
portion of the expandable tubular member: 

means for displacing the first adjustable expansion mandrel and the second 
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adjustable expansion mandrel downwardly relative to the expandable tubular 
member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and inaeasing the outside dimension of the second adjustable 
expansion mandrel; 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically defbmi 
portions of the expandable tubular member above the lower portion of ttie 
expandable tubular member; 

wherein the outeide dimension of the first adjustable expansion mandrel Is greater 
than 8ie outside dimension of the second adjustable expansion mandrel. 

214. A system for forming a mono diameter wellbore casing, comprising: 

means for positioning first and second adjustable expansion mandrels within a first 

expandable tubular memben 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within a borehole; 
means for lowering the first adjustable expansion mandrel out of the first expandable 

tubular member, 

means for Increasing the outside dimension of the first adjustable expansion 
mandfBl; 

means for displacing the fii^t adjustable expansion mandrel upwardly relative to the 

first expandable tubular member to radially expand and plastically defonn a 

lower portion of the first expandable tubular member; 
means for displadng the first adjustable expansion mandrel and the second 

adjustable ^panslon mandrel downwardly relative to the first expandable 

tubular member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and Increasing the outside dimension of the second adjustable 
expansion mandrel; 

means for displadng the second adjustable expansion mandrel upwardly relative to 
the first expandable tubular member to radially expand and plastically defomi 
portions of the first expandable tubular member above the lower portion of the 
expandable tubular member; 
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means for positioning first and second adjustable expansion mandrels within a 

second expandable tubular member, 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels wtthin the borehole In overlapping relation to 

the first expandable tubular member; 
means for lowering the first adjustable expansion mandrel out of the second 

expandable tubular member; 
means for increasing the outside dimension of the first adjustable expansion 

mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relath^e to the 
second expandable tubular member to radially expand and plastically deform 
a lower portion of the second expandable tubular member; 

means for displacing the first adjustable expansion mandrel and the second 

adjustable expansion mandrel downwardly relative to the second expandable 
tubular member; 

means for decreasing the outside dimension of the first adjustable ^tpansion 
mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel; and 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the second expandable tubular member to radially expaiKl and plasticsally 
deform portions of the second s^^andable tubular memS^sr above \t\e lc«wer 
portion of the second expandable tubular n^mben 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

215. A system for radially expanding and plastically deforming an exparxiabie tubular 
member within a borehole, comprising: 

means for positioning first and second adjustable expansion mandrels within the 

expandable tubular member; 
means for supporting the expandable tubular member and the first and second 

adjustable expansion mandrels within the borehole; 
means for lowering the first adjustable expansion mandrel out of the expandable 
tubular member; 

means for increasing the outside dimension of the first adjustable expansion 
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mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 

expandable tubular member to radially expand and plastically deform a tower 

portion of the expandable tubular member, 
means for pressurizing an Interior region of the expandable tubular member above 

the first adjustable expansion mandrel during the radial expansion of the 

lower portion of the expandable tubular member by the first adjustable 

expansion mandrel; 
means for displacing the first adjustable expansion mandrel and the second 

adjustable expansion mandrel downwardly relative to the expandable tubular 

member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel; 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the ejcpandable tubular member to radially e)cpand and plastically deform 
portions of tha e^cpandable tubular member above the lower portion of the 
expandable tubular memben and 

means for pressurizing an interior region of the expandable tubular member above 
the second adjustable expansion mandrel during the radial expansion of the 
portions of the e?:pandable tubular member above the lower portion of Uie 
expandable tubular member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

216. A system for fomiing a mono diameter welibore casing, comprising: 

means for positioning first and secoruJ adjustable expansion mandrsls within a first 

expandable tubular member, 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within a borehole; 
means for lowering the first adjus^ble expansion mandrel out of the first expandable 

tubular member; 

means for increasing the outside dimension of the first adjustable expansion 
mandrel; 
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means for displacing the first adjustable expansion mandrel upwardly relative to the 

first expandable tubular member to radially expand and plasticaliy deform a 

lower portion of the first expandable tubular member; 
means for pressurizing an interior region of the first expandable tubular member 

above the first adjustable expansion mandrel during the radial expansion of 

the lower portion of the first expandable tubular member by the first 

adjustable expansion mandrel; 
means for displacing the first adjustable expansion mandrel and the second 

adjustable expansion mandrel downwaniity relative to the first expandable 

tubular member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dinrtenslon of the second adjustable 
expansion mandrel: 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the first expandable tubular member to radially expand and plastically defbrm 
portions of the first expandable tubular member above tJ-ie lower portion of the 
expandable tubular member, 

means for pressurizing an interior region of the first expandable tubular member 

above the second adjustable expansion mandrel during the radial expansion 
of the portions of the first expandable tubular member above the lower portion 
of the. first e:<p3ndable tubular member by the second adjustable ejcpansion 
mandrel; 

means for positioning first and second adjustable expansion mandrels virithin a 

second expandable tubular member; 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within the borehole in overlapping relation to 

the first expandable tubular member, 
means for lowering the first adjustable expansion mandrel out of the second 

expandable tubular member, 
means for increasing the outside dimension of the first adjustable expansion 

mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically deform 
a lower portion of the second expandable tubular member, 

101A 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/US2002/036267 



means for pressurizing an Interior region of the second e)q>ar>dable titular member 
above the first adjustable expansion mandrel during the radial expansion of 
the lower portion of the second expandable tubular member by the first 
adjustable expansion mandrel; 

means for displacing the first adjustable expansion mandrel and the second 

adjustabie expansion mandrel downwardly relative to the second expandable 
tubular member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and fncreaslng the outside dimension of the second adjustable 
expansion mandrel 

means Ibr displacing the second adjustable expansion mandrel upwardly relative to 
the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower 
portfon of the second expandable tubular member, and 

means for pressurizing an interior region of the second expandable tubular member 
above the second edjustaWe expansion mandrel during the radial expansion 
of the portions of the second ejcpandabia tubular member above the lower 
portion of tfie second expandable tubular member by the second adjustable 
expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dlm<^3ion of the seoc^d adjustable ©jspanslon mandrel. 

217. A system for radially expanding and plastically defomiing an ^andable tubular 
member within a borehole, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 

adjustable expansion mandrel within the borehole; 
means for increasing the size of the adjustable expansion mandrel; and 
means for displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform a portion of the eocpandable tubular member. 

21 8. The system of daim 21 7, further comprising: 
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means for reducing the size of the adjustable expansion mandrel after ^e portion of 
the expandable tubular member has been radially expanded and plastically 
defomned. 

21 9. The system of claim 21 8, further comprising: 

means for fluidicly sealing the radially expanded and plastically defomied end of the 
expandable tubular member after reducing the size of the adjustable 
expansion mandrel. 

220. The system C3f claim 21 9, further comprising: 

means for permitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator after flufdidy sealing the radially 
expanded and plastically deformed end of the expandable tubular member 

221 . The system of daim 220. further comprising: 

means for Injecting a hardenable fluidic sealing material Into an annulus between the 
expandable tubular member and a presxistlng structure after pemiitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

222. The sj.'stsm of dalrn 220. further comprising: 

means for increasing the size of the adjustable OKpansion mandrel after permitting 
tl^ position of the expandable tubular member to float relative to the position 
of the hydraulic actuator. 

223. The system of dalm 222, further comprising: 

means for displadng ^e adjustable expansion cone upwardly relative to the 

expandable tubular member to radially expand and plastically deforni another 
portion of the expandable tubular member, 

224. The system of daim 223, further comprising: 

if the end of the other portion of the expandable tubular member overiaps with a 
preexisting structure, then 

means for not permitting the position of the expandable tubular member to 
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float relative to the posftion of the hydraulfc actuaton and 
means for displacing the adjustable expansion cone upwardly fefative to the 
expandable tubular member using the hydraulic actuator to radially 
expand and plastically defonn the end of the other portion of the 
expandable tubular member that overlaps with the preexisting 
structure. 



225. A system for fonming a mono diameter wellbore casing within a bor^ole that 
includes a preexisting wellbore casing, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 
adjustable expansion mandrel within the borehole; 

means for increasing the size of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially expand 
and plastically defonn a portion of the expandable tubular member; and 

means for displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially eypam and plastically defomi the 
remaining portion of the expandable tubular member and a portion of the 
preexisting wellbore casing that overtaps with an end of the remaining portion 
of the expandable tubular member. 



226. The system of dalm 225, furfiier comprising: 

means for redudng the size of the adjustable expansion rrrandrel after the portion of 
the expandable tubular member has been radially expanded and plastically 
deformed. 



227. The system of claim 226, further comprising: 

means forfluldlcly sealing the radially expanded and plasticafly deformed end of the 
expandable tubular member after reducing the size of the adjustable 
expansion mandrel. 
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228. The system of dalm 227. further comprising: 

means for pemiittlng the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator after fluididy sealing the radially 
expanded and plastically deformed end of the expandable tubular member. 

229. The system of dalm 228, further comprising: 

means for injecting a hardenable fluldic sealing material into an annulus between the 
expandable tubular member and the borehole after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 

230. The system of daim 228, ftirther comprising: 

means for increasing the s\zb of the adjustable expansion mandrel after permitting 
the position of the expandable tubular memt>er to float relative to the position 
of the hydraulic actuator. 

231 . The system of claim 230, fiirthsr comprising: 

means for displadng the adjustable expansion cone upwardly relative to the 

expandable tubular member to radially expand and plastically defonn ttie 
remaining portion of the expandabie tubular member. 

232. The si'Stem of dalm 231 , further comprising: 

means for not penmWing the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator; and 

means for displacing the adjustable expansion cone upwardly relative to the 

expandable tubular member using ttie hydraulic actuator to radially expand 
and plastically deform the end of the remaining portion of the expandabie 
tubular meml)er that overiaps with the preexisting wellbore casing afl:er not 
permitting the position of the expandable tubular member to float relative to 
the position of the hydraulic actuator. 

233. A system of radially expanding and plastically defonning an expandable tubular 
member within a borehole having a preexisting wellbore casing, comprising: 
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means for positioning the tubular member within the borehole In overlapping relation 

to the welbore casing; 
means for radially expanding and plastically defomiing a portion of the tubular 

member to iom a bell section; and 
means for radially expanding and plastically defomiing a portion of the tubular 

member above the bell section comprising a portion of the tubular member 

that overlaps with the wellbore casing; 
wherein the Inside diameter of the bell section is greater than the inside diameter of 

the radially expanded and plastically deformed portion of the tubular member 

above the bell section. 

234. The system of daim 233, wherein radially expanding and plastically defomning a 
portion of the tubular member to form a belt section comprises: 

means for positioning an adjustable expansion device within the expandable tubular 
member; 

means for supporting the expandable tubular member and the adjustable expansion 

device within the borehole; 
means for lowering the adjustable expansion device out of the expandable tubular 

member, 

means for increasing the outside dimension of the adjustable expansion device; and 
means for displacing the adjusiabis sKpansion device upwardly relative to the 

expandable tubular member n tinoes to radially expand and plasticatly deform 
n porfons of the expandable tubular member, wherain n is greater than or 
equal to 1. 

235. A system for radially expanding and plastically defomning an expandable tubular 
member witNn a borehole, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 

adjustable expansion device within the borehole; 
means for increasing the size of the adjustable expansion device; and 
means for displacing the adjustable expansion device upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform a portion of the expandable tubular member. 
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236. The system of claim 235, further oomprising: 

means for reducing the size of the adjustable expansion device after the portion of 
the expandable tubular member has been radially expanded and plastically 
defomied. 

237. The system of claim 236, further comprising; 

means for fluidlcly sealing the radially expanded and plastically deformed end of the 
expandable tubular member after reducing the size of the adjustable 
expansion device. 

238. The system of daim 237, further oomprising: 

means for permitting the position of the expandable tubular member to float relative 
to the position of the hydrauEc actuator after flukUdy sealing the radially 
expanded and plastically deformed end of the expandable tubular memb^. 

239. The system of claim 238, further comprising: 

means for injecting a hardenable fluldlc sealing material into an annulus between the 
expandable tubular member and a preexisting structure after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

240. The system of daim 238, further comprising: 

means for increasing the size of the adjustable expansion device after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

241 . The system of daim 240, further comprising: 

means fcH^ displadng the adjustable expansion cone upwardly relative to the 

expandable tubular member to radially expand and plastically deform another 
portion of the expandable tubular member. 

242. The system of daim 241 , further comprising: 

if the end of the other portion of the expandable tubular member overlaps with 
a preexisting strudure, then 
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means for not permitting the position of the expandable tubular 
member to float relative to the position of the hydraulk: 
actuator; and 

means for displacing the adjustable expansion cone upwardly relative 
to the expandable tubular member uang the hydraulic actuator 
to radially expand and plastically deform the end of the other 
portion of the expandable tubular member that overlaps with 
the preexisting stmcture. 

243- A system for forming a mono diameter wellbore casing within a borehole that 
includes a preexisfing wellbore casing, comprising: 

means for supporting the expandable tubular member, an h^rauHc actuator, and an 
ad]ustabl6 expansion device within the borehole; 

means for increasing the stee of the adjustable expansion device; 

means for displacing the adjustable expansion device upwardly relative to the 

expandable tubular membsr using the hydraulic actuator to radially esq^and 
and plastically deform a portion of the expandable tubular member and 

means for displacing the adjustable expansion device upwardly relative to the 
expandable tubular member to radially expand and plastically defomi the 
remaining portion of the expandable tubular member and a portion of the 
prsfe;asting welibone casing thai overlaps witl i an end of the ranaining portion 
of the expandsible tubular member. 

244. the system of daim 243, further con?)rlslng: 

means for reducing the size of the adjustable expansion device after the portion of 
the expandable tubular member has been radially expanded and plastically 
deformed. 

245. The system of daim 244, further comprising: 

means for fluidldy sealing the radially expanded and plastically deformed end of the 
expandable tubular member after reducing the size of the adjustable 
expansion device. 
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246. The system of dalm 245, further oomprislng: 

means for permitting the pos'rtton of the expandable tubular memb^ to float relative 
to the position of the hydraulic actuator after flutdidy sealing the radially 
expanded and plastically defomied end of the expandable tubular member. 

247. The system of claim 246, further comprising: 

means for injecting a hardenable fluldic sealing material into an annulus between the 
expandable tubular member and the borehole after pemirtting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 

248. The system of claim 246p further comprising: 

means for Increasing the size of the adjustable expansion device after permitting the 
position of the expandable tubular member to float relative to tiie position of 
the hydraulic actuator. 

249. The system of dsJm 248, further comprising: 

means for displadng the adjustable expansion cone upwardly relative to the 

expandable tubular member to radially expand and plastically deform the 
remaining portion of the expandable tubular member. 

250. The system of daim 249, further comprising; 

means for not permitting the position of the expandable tubular member to float 
relative to tiie position of the hydraulic actuaton and 

means for displacing flie adjustable expansion cone upwardly relative to the 

expandable tubular nnember using the hydraulic actuator to radially expand 
and plastically deform the end of the remaining portion of the expandable 
tubular member that overlaps wKh the preexisting wellbore casing after not 
permitting the position of the expandable tubular member to float relative to 
the position of the hydraulic actuator. 

251 . A system for radially expanding and plastically deforming a tubular member, 
comprising: 

means for positioning the tubular member within a preexisting structure; 
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means for radially expanding and plastically deforming a lower portion of the tubular 

member to form a bell section; and 
means for radially expanding and plastically defomiing a portion of the tubular 

member above the bell section. 

252. The system of claim 251, wherein positioning the tubular member within a preexisting 
structure comprises: 

means for locking the tubular member to an expanston device. 

253. The system of dalm 252. wherein positioning the tubular member within a preexisting 
structure comprises: 

means for unlocking the tubular member from an expansion device if the operating 
pressure within the preexisting structure exceeds a predetermined amount 

254. The system of claim 252, wherein positioning »ie tubular member within a preexisting 
structure comprises: 

means for unlocking the tubular mender from an expansion device if the position of 
an actuator coupled to the tubular member exceeds a predetennined amount 

265. The system of claim 251, wherein radially expanding and plastically deforming a 

lower portion of the tijbuiar member to fomi a bell section comprises: 

means for lowering an ejcpanslon device out of an end of the tubular member, and 
means for pulling the expansion device through the end of the tubular member. 

256. The system of claim 265, wherein lowering an expansion device out of an end of the 
tubular member comprises: 

means for lowering the expansion device out of the end of the tubular member; and 
means for adjusting the size of the expansion device. 

257. Ttie system of claim 256, wherein the expansion device is adjustable to a plurality of 
sizes. 

258. The system of daim 256. wherein the expansion device comprises a plurality of 
adjustable expansion devices. 
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259. The system of daim 258. wherein at least one of ttio acQustable expansion devices is 
adjustable to a plurality of sizes. 

260. The system of claim 255, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for gripping the tubular member, and 

means for pulling an expansion device through an end of the tubular member 

261 . The system of claim 260. wherein means for gripping the tubular mennber comprises: 
means for pernitttlng axial displacement of the tubular member tn a first direction; and 
means for not pennitting axial displacement of the tubular member in a second 

direction. 

262. The system of daim 260, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
an actuator. 

263. The system of daim 246, wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: 

means for lowering an e}q>anslon devioa out of an end of the tubular member; and 
means for pulling the expansion device through ttie end of the tubular member. 

264. The system of claim 263, wherein means for lowering an expansion device out of an 
end of the tubular member comprises: 

means for lowering the expansion device out of the end of the tubular member; and 
means for adjusting the size of the expansion device. 

265. The system of claim 264, wherein the expansion device is adjustable to a plurality of 
sizes. 

266. The system of daim 264, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 
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267. The system of claim 266, wherein at least one of flie adjustable expansion devices Is 
adjustable to a plurality of sizes. 

268. The system of claim 263, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for gripping the tubular member, and 

means for pulling an expansion d&Ace through an end of the tubular member. 

269. The system of daim 268. wherein means for gripping the tubular member comprises: 
means for pemnitling asdd displacement of the tubular member in a first direction; and 
means for not permitting axial displacement of the tubular member In a second 

direction. 

270. The system of claim 268, wherein means tor pulling the expansion device thnxigh 
the end of the tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
an actuator. 

271 . The system of daim 263, wherein means for pulling the expansion deyice through 
the and of the tubular member comprises: 

means for pulling the e:cpanslon device through the end of tfi© tubular member using 
fluid pressure. 

272. The system of daim 271 . wherein means for pulling the expansion device through 
the end of the tubular member using fluid pressure comprises: 

means for pressurizing an annulus within the tubular member above the expansion 
device. 

273. The system of daim 251 , wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: 

means for fluldidy sealing an end of the tubular member; and 
means for pulling the expansion device through the tubular member. 
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274. The system of daim 273, wherein the e)^nsion device is adjustable. 

275. The system of daim 274. wherein tine expansion device is adjustable to a plurality of 
sizes. 

276. The system of daim 273, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

277. The system of daim 276, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

278. The system of daim 273. wherein means for pulling the expansion device through 
the end of the tubular member comprtees: 

means for gripping the tubular member, and 

means for pulling an expansion device through an end of the tubular member. 

279. The system of claim 278, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
an actuator. 

280. The system of daim 273. wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for pulRng the expansion device through the end of the tubular member using 
fluid pressure. 

261 . The system of daim 280, wherein means for pulling the expansion device thnjugh 
the end of the tubular member using fluid pressure comprises: 

means for pressurizing an annulus within the tubular member above the expansion 
device. 

282. The system of claim 251 , wherein means for radially expanding and plastically 
defomning a portion of the tubular member above the bell section compriees: 
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means for overtapping the portion of the tubular member above the bell section with 

an end of a preexisting tubular member; and 
means for pulling an expansion device through the overlapping portions of the tubular 

member and the preexisting tubular mender. 

283. The system of claim 282, wherein the expansion device is adjustable. 

284. The system of dalm 283, wherein the expansion device is adjustable to a plurality of 
sizes. 

285. The system of dalm 282, wherein the expansion device comprises a plurality of 
acQustabfe expansion devices. 

286. The system of daim 285, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

287. The system of daim 282, wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member 
comprises: 

means for gripping the tubular member; and 

means for pulling the e?ipansion device through tlie overlapping portions of the 
tubular member and the preexisting tubular member. 

288. Ttie system of dalm 287, wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member 
comprises: 

means for pulling the expansion device through the overlapping portions of the 
tubular member and the preexisting tubular member using an actuator. 

289. The system of claim 282, wherein noeans for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member 
comprises: 

means for pulling the expansion device through the overlapping portions of the 
tubular member and the pree)dsting tubular member using fluid pressure. 
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290. The system of claim 289, wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member using 
fluid pressure comprises; 

means for pressurtzing an annulus within the tubular member above the expansion 
device. 

291 - The system of claim 251 , further comprising: 

means for Injecting a hardenable fluldic sealing material into an annulus between the 
expandable tubular member and tlie preexisting structure. 

292. A system of injecting a hardenable fluidic sealing material Into an annulus between a 
tubular member and a preexisting structure, comprising: 

means for positioning the tubular member into the preexteting structure: 
means for sealing off an end of the tubular member; 
means for operating a valve within the end of the tubular member, and 
means for injecting a fiardenable fluidic sealing material through the valve Into the 
annulus between the tubular member and the preexisting structure. 

293. A system of engaging a tubular member, comprising: 

means for posiHoning a plurality of elements vjithfn ths tubular membei': and 
means tor bringing Ihe elements into engagement with the tubular member. 

294. The system of dalm 293. wherein the elements comprise: 
a first group of elements; and 

a second group of elements; 

wherein the first group of elements are interieaved with the second group of 
elements. 

295. The system of claim 293, wherein means for bringing the elements Into engagement 
with the tubular member comprises: 

means for bringing the elements into axial alignment. 
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296. The system of daim 293, wherein means for bringing the elements into engagement 
with the tubular member further comprises: 

means for pivoting the elements. 

297. The system of claim 1 89, wherein means for bringing the elements into engagement 
with the tubular member further comprises: 

means for translating the elements. 

298. The system of daim 293. wherein means for bringing the elements Into engagement 
with the tubular member further oomprises: 

means for pivoting the elements; and 
means for translating the elements. 

299. The system of daim 293, wherein means for bringing the elements into engagement 
with the tubular member comprises: 

means for rotating the elements about a common a>js. 

300. The system of daim 293, wtierein means for bringing the elements into engagement 
with the tubular member comprises: 

means for pivoting the elements about corresponding axes; 

means fc*r translating the el&ments; and 

means for rotating the elements about a common axis. 

301 . The system of daim 293, further comprising: 

means fbr preventing the elements from coming into engagement with the tubular 
member if the inside diameter of the tubular member is less than a 
predetermined value. 

302. The system of claim 301 , wherein means for preventing the elements from coming 
into engagement with the tubular member if the inside diameter of the tubular member is 
less than a predetermined value comprises: 

means for sensing the inside diameter of the tubular member. 

303. A system of locking a tubular member to a support member, comprising: 
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locking a locking element in a position that engages an interior surface of the tubular 
member. 

304. The system of claim 303. further comprising: 

means for controllably unlocking the locking element from engagement with the tubular 
member when an operating pressure exceeds a predetermined amount 

305. The system of dalm 303, further comprising: 

means for controllably unlocking the locking element from engagement with the tubular 
member when a position exceeds a predetermined amount 
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